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You get high-speed, quality welding 


when you specify: General Electric 


ELECTRODES 


You get speedy, quality welding when you use G-E 
electrodes — maximum deposition rates with mini- 
mum spatter-loss, as well as excellent “‘physicals”’ 
and appearance! @ General Electric is a source of 
supply for fully approved electrodes that’s depend- 
able, both in delivery and product. Complete samples 
and demonstrations are available at no obligation. 


A-C WELDERS 


Speed welding today, on heavy production—more 
than 200 amp—is a-c welding, because a-c doesn’t 
trouble you with MAGNETIC BLOW, allows larger 
currents to be used, and bigger electrodes, for faster 
welds, greater production, and MORE PROFITS! 


@ G-E’s transformer-type a-c welders reduce power 
costs as much as 50°,, compared with welders of the 
generator type. No heavy moving parts to wear out 
and cause production delays, just straight-through 


production of profitable welding. Sizes range from 100 
amp to 1000 amp, for manual and automatic welding. 


D-C WELDERS 


General Electric d-c welders provide a fast-working, 
economical, time-saving arc, because they provide 
(1) instant recovery voltage which always exceeds 
are voltage and (2) current peaks which never exceed 
three times steady short-circuit current. @ G-E 
welders stay on the job, because they have reliable 
overload protection, self-excitation, excellent commu- 
tation, and quick, easy current adjustment. 


Your nearest G-E arc welding distributor or G-E 
office is your logical source of supply for atomic- 
hydrogen, multiple-operator, and automatic welders, 
and accessories and cable. Why not call them today 
for help with your problems on high-speed welding? 


General Electric Company, Schenectady, New York. 
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Bound Save Money with this new low 
Cost Arc Welding job too small too larq 


You can easily buy a welder Be, ART 
for heavy work or one for light 

welding ... but only Hobart The Fastest Selling Arc Welder on the Market 

can handle both light and heavy work with equal 


ease. The famous Multi-Range Dual Control with H 0 B A R T B R 0 sy C 0 


its 1,000 combinations of welding heat instantly 


available at the operator's finger tips, encourages BOX WJ-940 TROY, OHIO 
your welders to use just the right heat for each 
job so you're guaranteed quality welds and Pe eS SF 2S SS 


reduced labor cost. Get 30 Days Trial and 
determine for yourself, on your own work, 
actually how much you can save and profit 
with a Hobart Arc Welder. Write for further 


HOBART BROS. CO., BoxWJ-940 TROY, OHIO 
Send information on the Hobart Simplified” Arc 


Welders, especially on the items checked below 
information on this cost-saving arc welder, 

made by one of the world’s largest builders [] Electric Drive [] Gas Drive [] A. C. Welder 
of arc welders! ee I'm interested in amp. cap. Also send details on 
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CUTTING IN SHIPBUILDING AND 


By ROBERT E. KING? 


fined as a group of shops localized and working 

together to produce a common finished prod- 
uct—a ship. Many trades are included in this group of 
shops but prior to 1917 flame cutting or ‘‘burning,”’ as it 
is commonly referred to in a shipyard, was not among 
them. Although we had used this method of cutting in 
ship construction and repair about 1915 it did not take 
its place among the trades until 1917 and 1918. At the 
present time it is used as extensively in shipbuilding as 
it is in other steel working industries. 

Although our equipment for flame cutting consisted 
of but one manual cutting outfit in 1915 we now have 
thirty manual outfits, one large mechanical flame cutting 
machine and two portable flame cutting machines. 
All of this equipment has been used for ship construc- 
tion and repair. 

Flame cutting has many applications in shipbuilding 
as it is used in the construction of the main body—the 
hull, the cabins or deck houses, the machinery and its 
foundations, the ship’s piping and in the installation of 
piping and electrical equipment. 

Tankers are ships having large tanks built as part of 
their structure to carry oil or gasoline in bulk. The 
Str. Rep Crown and the Motorship Traverse City 
Socony recently built by our yards used a considerable 
number of flame cut pieces which were cut by our large 
flame cutting machine. This machine consists of a 
large wood surfaced table eight feet wide by forty-two 
feet long on which layouts are traced to produce the 
same contour in steel on a ten foot by forty-two foot 
cutting table. This machine, although designed to 
carry but one torch at the end of the beam, mounts two 
torches most of the time and on several occasions has 
mounted three. 

Most of the material cut by this machine for the 
tankers consisted of plates three-eighths to five-eighths 
inch in thickness used for webs on the bulkheads which 
separate the various tanks, for web frames on the ship's 
sides and for the bottom frames of the ship. Due to the 
Shape of these ships—essentially the same throughout 
about two-thirds of the length—many frame members 
of the same shape are required. To produce these by 
flame cutting a track of aluminum one-quarter inch by 
seven-sixteenths inch iri section was formed to the de- 
sired contour and screwed to the wooden surface of the 
table. A differential trunnion drive on the machine 


company might well be de- 


* Paper presented at the 40th Annual Convention of the International 
Acetylene Association, April 10th, 11th and 12th, Milwaukee, Wisconsin 
Engineer, Manitowoc Shipbuilding Company, Manitowoc, Wisconsin 
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follows this track to guide the torches, two being used for 
this cutting. The plates to be cut were located on the 
cutting table by stops to reduce set up time. 

As the ends—-the bow and stern—-of the ship are ap- 
proached the shape changes with each frame; therefore, 
our method of guiding the torches had to be changed. 
At the time of construction of these ships we laid out the 
contour of each section on the table surface by scribing 
around wooden molds which are made for all the main 
structural members of a ship. Two torches could still 
be used due to two pieces of each frame being required, 
one for each side of the ship. Layouts of this nature are 
now made on large pieces of heavy paper which are 
fastened to the table. Thesg layouts are made in the 
mold loft on a large vertical drawing board ten feet high by 
forty feet long. This method reduces the amount of set 
up time at the machine and allows more torch time per 
day. 

The bulkheads or partitions for these ships were made 
of plate three-eighths to five-eighths of an inch thick 
welded together to form a large plate surface. This 
was stiffened on one side by structural shapes and webs 
cut as heretofore mentioned and the other side was 
smooth. These bulkheads were laid out on this smooth 
side for cutting to the correct contour to fit into the ship. 
Several of these were cut with a hand torch producing a 
ragged cut compared to that of machine cutting and 
requiring chipping with an air hammer to smooth the 
edge. Our portable flame cutting machine was used to 
cut the remaining bulkheads. This cutting was done 
right to the finish size and shape and required no chip- 
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Fig. l1—The Hold of a Large Freighter Showing Burners Starting”to 
Cut the Plates and Frames Away to Convert the Ship Into a Self- 
Unloader 
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Fig. 2—Trimming and Beveling the Edge of a Large Deck Subassembly 
in Preparation for Welding 


Fig. 4—A Portable Flame-Cutting Machine Being Used to Trim a Bulk- 
head to a Marked Line 


ping. For straight cutting a light flat bar track with 
feet welded to it is used to guide the machine, pieces of 
scrap steel serving as weight on the feet to hold the track 
in place. For shape cutting the machine is hand guided 
to follow the shape marked on the plate. 

Most of the bulkheads are solid but there are a few in a 
ship that require holes to be cut in them. The portable 
machine is used for this cutting whenever there is enough 
material between cutouts to provide a surface for it to 
travel on. Hand torches with pivoting attachments are 
also used for the circular holes and regular hand torches 
for the straight sections where the machine cannot be 
used without a separate supporting structure. 

Subassembly construction—the construction of large 
sections of the ship in shops, these sections being erected 
on the building berth to form the ship-——-was used on 
these tankers. These large sections weighing from 
seven to thirty-six tons were left about one inch long to 
provide stock for trimming in fitting sections together. 
This trimming was done by hand torches as was the 
beveling required in preparation for the weld to join 
the assemblies. For the majority of this work, number 
one and number two tips are used in the hand torches. 
Many other joints in the ships plating are trimmed and 
beveled in this manner, some of them requiring flat and 
bent tips to reach the material to be cut and to cut at the 
correct angle. 

One of these tankers was of the twin screw type having 
the propeller shafts coming out of the hull through the 
plating on each side of the centerline of ship. The shafts 
pass through tubes, known as stern tubes, that carry shaft 
bearings and stuffing boxes to prevent water from enter- 
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Fig. 3—A Pilot House Subassembly Being Erected. An All- Welded 


Structure 


Fig. 5—Bulkheads and Web Frames Erected in the Construction of a 
anker 


Fig. 6—Bearing Support and the Slab from Which It Was Cut. The 
Slab Was 6 In. Thick 
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Fig. 7—A Non-Watertight Bulkhead on Which Flame Cutting Was 
Extensively Used 


ing the ship. These stern tubes had to be fitted into the 
ship's structure in correct relation to the engine and pro- 
peller. Hand burning was used to cut the shell plating 
and framing to fit the tube and a heavy plate was cut to 
fit around the tube on the outside of the shell to provide 
added strength. This plate was about | inch thick and 
was cut on the large flame cutting machine from layouts 
traced from wooden molds. Before being fitted into 
place, these plates were beveled for welding. This was 
also done by the flame cutting machine by setting the 
torch at an angle. 

The applications of the hand torch are numerous in 
ship construction. Many holes have to be cut to allow 
pipes to pass or cuts made to allow one structural mem- 
ber to fit another. Because of the shape in a ship's hull 
many smaller units are built with surplus material to be 
trimmed in place during their erection and fitting on 
the ship. The expansion trunks on the decks of these 
tankers are a good example of this fitting. These 
trunks are set on blocks above the deck in their correct 
position and the bottom edge marked to fit the deck con 
tour. A burner trims the edge to this line and the 
trunk is set on the deck and made ready for welding. 
These hand torches provide a very flexible and economi 
cal means of shaping these units to fit the hull. 

The ship’s cabins or deckhouse provide similar ap 
plications of flame cutting to those mentioned in the 
foregoing but on lighter material from one-eighth inch to 


Fig. 8Removing a Temporary Patch with a Hand Torch. Notice the 


Many Rivets That Have Been Burned Out 


1940 


CUTTING IN SHIPBUILDING 


five-sixteenths inch in thickness. These cabins are 
made in subassemblies much like the hull and resemble 
large boxes until the door and window openings have been 
cut. Deckhouses of welded construction are usually 
built without cutouts for windows or doors until the 
welding is finished hese openings are then marked 
and cut with a hand torch, the cutting operation usually 
helping to straighten panel sections that have been dis 
torted by the welding. A burner is always included in 
an assembly gang, both in riveted or welded construc 
tion, to provide a quick means of fitting pieces. 

As the electricians and pipe fitters start to work on a 
ship, burners are required to cut many holes and trim 
away pieces that would otherwise have to be drilled or 
chipped away with an air tool, slow methods compared 
to flame cutting. 

Although the foregoing have been uses of flame cutting 
in tanker construction, they apply generally to all ships 
of welded construction that we have built. The major 
ity of them also apply in riveted construction but with a 
lesser amount of machine flame cutting and more hand 
burning. 


Fig. 9A Portable Flame-Cutting Machine Beveling the Edges of 1-In 
lates 


Fig. 10—Bow of a Tanker Showing Many Flame-Cut Frame Members in 
the Foreground 


Barge construction also brings all flame cutting equip 
ment into use. Although most of the material is fabri 
cated by mechanical cutting means such as shearing, 
there are several interesting applications of flame cutting, 
one of them the splitting of eight inch extra heavy pipe to 
form fenders. These pipes were set up in a simple vee 
block type of jig on the large flame cutting machine and 
split, three at a time, using three torches. Water cooling 
was used behind each cutting flame to prevent distortion 

Many of the smaller units such as manholes and 
covers, expansion trunks and their covers and operating 
gear have many flame cut pieces which were formerly 
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cast. The covers themselves are usually oval in shape, 
those of the expansion trunks being flame cut from three 
eighths to half inch plate using aluminum tracks as 
mentioned before. The hinges and opening levers are 
cut using two torches guided by aluminum tracks fast- 
ened to sheet steel backing plates. The material used 
was one-half inch to one and one-half inches thick. 

Some of the machinery, such as winches, is also built by 
us. This machinery was built of castings in the past 
but much of it is now being designed for welded con- 
struction using flame cut plate material and structural 
shapes. Most of this material is cut on the large flame 
cutting machine from paper layouts because very few 
pieces of one shape are necessary. Where the quantity 
of pieces to be cut is large, steel backed aluminum tracks 
are used. These tracks are also used where especially 
neat and accurate shape cutting is required. 

This machinery is mounted in the ship on foundations 
built of rolled sections and flame cut plates, most of 
which are machine flame cut from paper layouts. 

Many of the present welded rudders used on ships have 
frame members of flame cut plate one-half inch to one 
inch in thickness. These diaphragm plates are usually 
of a streamline shape with lightening holes and cutouts 
to fit the rudder stock. Here again paper layouts are 
used to guide the large flame cutting machine because of 
the few pieces of each shape necessary. Several rudders 
having cast frames have been rebuilt using flame cut 
members to replace the former cast members. This cast 
frame is usually removed from the stock by flame cutting 
to prepare the stock for use in the new rudder. Some of 
the sections cut in preparation are twelve to fifteen 
inches deep and two feet long at the junction with the 
stock. 

The repair to these ships requires the use of much 
flame cutting, most of it hand cutting. Since the major- 
ity of the ships in service are of riveted construction, 


rivet cutting is the foremost item of repair flame cutting. 

When flame cutting was started in the industry, rivet 
cutting was done with a regular cutting tip and was a 
slow and difficult process requiring a burner of consider- 
able skill to prevent damage to the countersinks in the 


plates. As the operators became more familiar with 
flame cutting they reamed the cutting orifice of the 
regular cutting tip, thereby reducing the oxygen speed 
and pressure for cutting rivets. In present practice a 
regular gouging tip is used for rivet cutting. 

When a ship with hull damage due to grounding or 
collision arrives for repairs, the burners are among the 
first to work on it cutting out the rivets necessary to 
remove damaged plates. If the ship is in the drydock, 
they also remove loose and leaky rivets in the ship's 
bottom plating. Some of this work must be done on the 
bottom shell of a ship in the space of about four feet, 
cutting the rivets out overhead. Most of the rivets cut 
range from five-eighths inch to one and one-quarter 
inches in diameter. 

After the plates have been removed any frames that 
have been damaged must be repaired. Some of these 
are cut away with a torch and new ones substituted while 
others are heated with a large heating torch and ham- 
mered to shape. 

Propeller and propeller shaft damage is quite com- 
mon on the ships especially on those that operate during 
the winter months and encounter ice conditions. Many 
of these shafts are ten to fourteen inches in diameter. 
If a shaft is sprung and requires replacement, the torch 
is used to cut it into pieces to facilitate removal from the 
ship. 

Flame cutting has been established as a tool impor- 
tant to ship construction and repair. A definite trend 
toward greater application of mechanical flame cutting 
in ship and machinery construction is indicated in our 
field of activity with this relatively new process. 
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Part X—Alloy Steels 


There are three chief differences between the welding 
of plain-carbon steel and the welding of the alloy steels 


1. Air hardening 
2. Aging and precipitation 
3. Recovery and slag 
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Air Hardening 


Cooling in air from above the critical temperature 
may harden plain-carbon steel if it is in wire form and 
the air is cool and moving. However, in thicker sections, 
such as '/s-inch bar, plain-carbon steel fails to harden 
when cooled in air. If alloying elements, particularly 
manganese, but with the possible exception of cobalt, 
are added to a plain-carbon steel, the thicker sections 
tend to harden when they are cooled in air. The air- 
hardening tendency of alloy steels is the tendency of 
thicker sections of the steel to harden completely during 
air cooling, whereas the same thickness of plain-carbon 
steel of the same carbon content will not harden com- 
pletely. ; 

Air hardening is important in welding but it is easy to 
misapply the term. It is a common misconception to 
imagine that, since welded plates and other parts cool in 
air after welding, the structure of the heat-affected zone 
should be the same as the structure of a bar of the same 
steel having the same thickness as the part being welded 
after it has been cooled in air from above the critical. 
Nothing is farther from the truth. The cooling of the 
heat-affected zone of a weld is entirely different from the 
air-cooling of a uniformly hot bar. 

To grasp the difference, suppose a red hot razor 
blade is cooled in still air. The blade will be soft. If, 
instead, the red hot blade is pressed between two cold 
blocks of steel (contact quench), the blade is hardened. 
In welding, molten weld metal is deposited between cold 
steel plates. While the scarves usually are heated some- 
what in advance of the weld, so that the thermal shock 
of molten metal on steel is not so abrupt asin the contact 
quenching of razor blades, the rate of cooling in the heat- 
affected zone of a weld cannot be estimated on the basis 
of air cooling alone. 

Judge, then, the difficulty of producing ductile welds 
in a steel which hardens completely in thick sections on 
cooling from above the critical range. There will be a 
stronger tendency for the appearance of martensite in 
the heat-affected zone of the alloy steel weld than the 
plain-carbon steel weld. As a result cracking will be 
more likely to occur in the vicinity of the alloy steel 
weld than in the plain-carbon. 

Alloying elements tend to make a steel air harden 
because they increase the time that elapses before the 
first cementite or ferrite crystal separates from under- 
cooled austenite, as shown schematically in Fig. 71. 
The alloying elements seem to get in the way of iron and 
carbon atoms that otherwise would unite more quickly 
to form cementite. Then, too, the alloying elements can 
move only very slowly in crystal changes represented by 
the transformation of austenite to pearlite. Further- 
more, the critical ranges themselves are lowered by many 
alloying elements, such as manganese and nickel. 

If further argument for the unfortunate effect of most 
alloying elements is required, it may be mentioned that 
alloying elements that form carbides, such as vanadium 
and molybdenum, do not dissolve in austenite except at 
high temperatures, say above 1000° C. When the car- 
bide is broken down and the alloying element dissolves 
in the carbide, the element exerts its full effect in pro- 
ducing air hardening. It so happens that until the car- 
bides dissolve, the grains of the austenite cannot grow 
as they normally would. The highly heated zone next 
to the weld melt therefore has the alloying elements in 
solution, has a coarse grain size and no longer has small 
carbide particles that promote inoculation of under- 
cooled austenite. All effects of the alloying element 
are towards air hardening; that is, to the undercooling 
of austenite until a temperature of 100—200° C. is reached 
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Temperature 


Fig. 71—Schematic Diagrarn Showing That Fine Grain Size Tends to 

Prevent the Formation of Martensite During Rapid Cooling. Alloying 

Elements Generally Tend to Lower the Required Cooling Rates at Which 

Martensite Can Appear, and Hence Make It Easier for Martensite to 
Appear in Rapidly Cooled Steels 


plain-carbon stee! 
— — — — —Cooarse-grained, plain-carbon steel 
—Alloy steel 


during air cooling, therefore, martensite and cracks tend 
to accompany the welding of alloy steel. 

Why weld alloy steel? The answer is simple. Alloy 
steels containing judicious proportions of alloying ele 
ments can be welded with less difficulty than plain-carbon 
steels producing the same yield strengthin the welded part. 
Stated from a different view-point, steels with higher 
vield strengths (often the determining design factor) 
can be welded if the strength is secured by alloying 
elements rather than by high earbon content. Numerous 
low-alloy, high-yield strength structural steels are on the 
market containing about 0.10% C which have a yield 
strength equivalent to a plain-carbon steel containing 
0.30 C or more. Yet the low-alloy steel has less air 
hardening tendency during welding than the plain 
carbon steel, because carbon has far more effect in caus 
ing austenite to undercool than any of the alloying 
elements. 

The air hardening tendency increases with increase 
in alloy content. For example, a steel containing 0.10% 
C, 1.5% Mn, will be less likely to crack during welding 
(less air hardening tendency) than a steel containing 
0.30% C, 0.5% Mn, provided the same welding condi 
tions prevail. At the same time, a steel with 0.30% C, 
0.5% Mn will be less likely to cause trouble than a 
steel with 0.30%, 1.5% Mn. The higher the content of 
alloying element at a given carbon content, the greater 
is the air hardening tendency. Some alloying elements 
give rise to characteristic microstructures; for example, 
“molybdenum’”’ pearlite in 0.5% Mo steel, and “pseudo 
martensite,’’ rather soft grains resembling martensite in 
appearance, occasionally found in steel containing 0.15 C 
15 Cr. Both steels are used in welded high-pressure 
boilers. 

The committee on Low-Alloy Steels of the Welding 
Research Committee arranged low-alloy steels into three 
series, the 100 (foolproof), 200 (moderately air harden 
ing), and 300 (seriously air hardening) series. In the 100 
series are those steels which are foolproof from the weld- 
ing standpoint. The composition of one of the 100 
series steels is: 0.08 C, 0.72 Mn, 0.40 Si, 0.04 S, 0.10 P, 
0.56 Cr, 0.33 Ni, 0.62 Cu. In general, steels of the 100 
series contain less than 0.15 C, and never develop over 
96 Rockwell B (200 Brinell) hardness in weld metal or 
heat-affected zone with practically any welding process. 
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It should be remembered that high hardness does not 
necessarily imply lack of ductility, and that the ductility, 
not the hardness, of the welded joint is the important 
property to the designer. 

The steels in the 200 series are moderately air-harden- 
ing under average welding conditions. Under some con- 
ditions welds in 200 series steels may exhibit reduced 
ductility in the heat-affected zone and may require 
stress annealing. The composition of one of the steels 
in the 200 series is: 0.23 C, 0.72 Mn, 0.02 Si, 0.02 P, 
0.79 Ni, 0.15 Mo, 1.56 Cu. In general, steels of the 200 
series contain less than 0.30 C, but may contain slightly 
more, depending on the alloying elements. 

The heat-affected zone in welds in steels of the 300 
series exhibits dangerously low ductility. The welds 
must be stress relieved. The composition of one of the 
300 series steels is: 0.30 C, 1.40 Mn, 0.20 Si, 0.25 Cu. 
They generally contain 0.30 C or more, but may contain 
slightly less, depending on the alloying elements. 

As the alloy content of a steel is increased beyond a 
critical limit, the steel tends to lose its capacity for 
hardening. Loss of hardening capacity occurs in two 
ways. The high-alloy steel may never become austenite 
at any temperature. An example is 18 Cr iron (0.10% C, 
18 Cr). Since 18 Cr iron never becomes fully austenitic, 
the hardening effect due to transformation of austenite 
to martensite is not available. It is true that the addition 
of 18% Cr to ferrite increases its hardness in accordance 
with the fact that when an alloying element is added to a 
pure metal its hardness is raised. However, the effect is 
small compared with the hardness of martensite. 

The second way in which a steel may lose its capacity 
for hardening by the martensite change is through the 
stabilization of austenite. Whereas Cr, Mo, W, V, Si, 
and Al tend to stabilize ferrite, nickel and manganese in 
sufficient amounts prevent the transformation of austen- 
ite to either ferrite or martensite. It should be remem- 
bered that an alloying element can exert an effect on the 
stability of austenite or ferrite only if the element is 
dissolved in the iron. If the element forms a carbide or 
sulphide, for example, it is removed from the iron and 
can exert no effect on crystal behavior, except as nuclei. 

A well-known steel which is austenitic (that is, whose 
crystals are of the face centered cubic type characteristic 
of austenite) at all temperatures is 25-12 (0.10 C, 25 Cr, 
12 Ni), a high-alloy heat-resisting steel. Although it is 
a high-alloy steel, there is no difficulty with air hardening 
during welding. 

Another high-alloy, austenitic steel is called austenitic 
manganese steel, containing 1.0 to 1.4 C with 11 to 14Mn. 
Unlike 25-12, when austenitic manganese steel is welded, 
austenite changes to martensite in the heat-affected zone 
during slow cooling. Even if the weld is quenched 
periodically, the zone near the weld heated not higher 
than 400-700° C.—and there must always be such a 
zone no matter how thin—changes to martensite. The 
zones of martensite are brittle, in contrast with the 
extraordinary toughness of properly heat-treated austen- 
itic manganese steel (water-quenched from 1050° C.). 
The brittleness caused by welding is largely eliminated 
by a welding rod containing 0.6—-0.8 C, 12-15 Mn, 3-5 
Ni, the beneficial effects of which are more or less puz- 
zling. 


Aging and Precipitation 
Referring to the section on ‘‘How Crystals Grow from 
Other Crystals,’ we recall that, like salt in water, an 
alloying element or compound may dissolve in a metal at 


a higher temperature but may be insoluble at a lower 
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temperature. As the solid solution is cooled, the alloying 
element or compound may crystallize out. If the solid 
solution is rapidly cooled (quenched), the dissolved sub- 
stance may be retained in supersaturated solution. The 
supersaturated solution is said to age if the compound 
crystallizes out at room temperature. If, on the other 
hand, it is necessary to raise the temperature to cause 
the crystallization of the dissolved substance, the proc- 
ess of crystallization at an elevated temperature is called 
precipitation. The only distinction between aging and 
precipitation is the temperature. 


T 
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400 1 800 
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Fig. 72—Schematic Chart of Carbide Solution and Precipitation in the 
18% Chromium—8% Nickel Alloy. (Metals Handbook) 


Aging is important if steel is welded with bare elec- 
trodes, which seldom are used nowadays. Bare elec- 
trodes deposit weld metal containing about 0.1% nitro- 
gen. At 600° C. the nitrogen forms a solid solution in 
iron (ferrite). At room temperature, however, the 
nitrogen exists as iron nitride (FesN) after slow cooling. 
Fast cooling, such as may prevail after welding, tends to 
retain the nitrogen in supersaturated solution. As the 
steel remains at room temperature, iron nitride crystal 
lizes from the ferrite. The aging affects the properties of 
the weld to some extent, the effect of which ordinarily is 
masked by the presence of large quantities of oxides in 
metal deposited by bare electrodes. 

Precipitation is important in welding austenitic stain- 
less steel containing 18% Cr, 8% Ni, 0.10% C (called 
18-8 for short). The carbon is retained in supersaturated 
solution by water quenching from a high temperature, 
1950° F., above the solubility curve, Fig. 72. When 
the supersaturated austenite is reheated for even a minute 
or so to about 1200° F., chromium carbide crystallizes 
out. 

There is inevitably a zone near the weld that has been 
heated to about 1200° F. In the zone carbon dissolved 
in the austenite combines with chromium to form chro- 
mium carbide. It is curious that the carbide is found 
only on grain boundaries, twin boundaries, and if any 
are present, slip planes. Since heat treated 18-8 con- 
tains no slip planes, the carbide particles precipitate 
principally on the grain boundaries, Fig. 73. Around 
the carbide is a ring of austenite that is depleted in 
chromium. In extremely corrosive environments, such 


Fig. 73—Zone of Intergranular Corrosion on Both Sides of a Weld in 15-8 

of Improper Composition for the Severely Corrosive Reagent with Which 

It Came in Contact. Note That the Weld Itself and the Immediately 
Surrounding Metal Are Scarcely Affected (Houdremont) 
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as concentrated acid copper sulphate solution, the metal 
taining carbides in the grain boundaries may fail. 
[he reagent may dissolve the carbide, which forms a 
nearly continuous envelope around the grains, or it may 
dissolve the depleted austenite. In either event the 
individual grains lose coherence; intergranular corrosion 


con 


erroneously called weld decay) has occurred. As cor- 
rosion progresses, the 18-8 rapidly loses its ductility and 
strength. 


Pick-Up, Recovery and Slag 


The third difference between the welding of plain 
carbon and alloy steels is found in the behavior of the 
alloying elements in the weld melt. If we melt iron in 
air, the iron absorbs or picks up a little nitrogen and 
also reacts with oxygen to form an oxide slag. If we 
melt a high-carbon steel in air, the carbon in the steel 
reacts with oxygen to form gaseous carbon monoxide, 
which bubbles out of the steel. There is a loss in carbon. 
Similarly, if we melt an alloy steel in air there may be 
absorption of gases, formation of slag, or loss in alloying 
elements. 

Pick-Up 

It is true that when we make a flanged weld without 
filler rod, the weld melt may pick up gases, several in- 
stances of which have been discussed under frothing and 
aging. The more usual sense of the term “pick-up’’ 
relates to the welding of an alloy steel with a filler rod 
of a dissimilar steel. For example, suppose we weld 
3% nickel steel with a nickel-free plain-carbon steel 
rod. The operator melts the filler rod into the scarves, 
but also melts a little of the base metal in order to secure 
a perfect joint. The mixture of base metal with filler 
metal which forms the weld melt, therefore, contains 
some nickel, perhaps 1%. In a multilayer weld, the 
first beads naturally pick up the most alloying elements 
from base metal. 

Pick-up is important in the welding of plain-carbon 
steel with 18-8 electrodes. Sometimes high-carbon steel, 
say, 0.50% C, is welded with 18-8 electrodes to secure a 
more ductile joint freer from cracks than can be secured 
with unalloyed electrodes. Should the operator care- 
lessly melt too much base metal into the weld melt, 
it will possibly be 9% Cr, 4% Ni, instead of 18 Cr, 8 Ni. 
Instead of the exceedingly ductile 18-8, the weld will be 
a hard, brittle, martensitic alloy containing 9 Cr, 4 Ni. 
The benefit to be derived from the use of 18-8 electrodes 
will have been lost by pick-up of iron. In passing, we 
may observe that it is impossible to avoid a thin layer 
(0.01 inch thick or so) of martensitic alloy between the 
plain-carbon steel and the 18-8 weld no matter how 
expert the operator may be. However, the layer is so 
thin as to have no effect on the toughness of the joint as 
a whole, and the alloy martensite seems to be tougher 
than plain-carbon martensite. 

Since alloying elements may pass from base metal to 
weld melt, it might be supposed mistakenly that alloying 
elements also might pass from the weld to the base metal. 
The two situations are not identical. The weld melt 
picks up alloying elements from base metal because the 
latter is melted into the weld. The alloying element it 
self is not abstracted from the base metal; the alloying 
element and all other elements in the melted region are 
stirred into the agitated puddle. On the other hand, for 
alloying elements to pass from the weld melt to base 
metal they must enter and travel through the crystal of 
base metal. The passage of alloying elements through 
crystals of steel even at high temperatures is extremely 
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slow, as the slow processes of nitriding and case carburiz 
ing bear witness. 


Recovery 

Recovery is the amount of alloying elements in the 
weld deposited by the filler rod of any kind. It is ex 
pressed as a percentage 


% of alloying element in deposit 


100 Recovery 


% of alloying element in rod 
The deposit from a bare electrode containing 0.50% 
C generally will contain not over 0.05% C. The re 
covery is 10%. If the electrode is coated, the carbon 
recovery may rise to 50 or 100%, depending on the 
coating. Copper is recovered completely in depositing 
a copper steel rod because copper has a high boiling point 
and less affinity for oxygen, nitrogen and other gases 
that may be present in the welding atmosphere than iron. 
Silicon, on the contrary, often is oxidized completely 
from a bare electrode. Recovery of alloying elements, 
such as chromium and tungsten, is not a responsibility 
of the operator. The manufacturer of the rod may coat 
it, if the rod is for arc welding, or may add some other 
ingredient or may employ a suitable flux which will 
reduce the element to the melt from the slag in gas 
welding. Sometimes electrodes have the alloying ele 
ments in the coating instead of in the rod itself. Low 
recovery of an alloying element may be due to the low 
boiling point of the element (volatility) or its tendency 
to join the slag (affinity for oxygen, nitrogen, etc.), or 
to incorrect welding procedure (overheating of the melt). 


Slag 


The nonmetallic material on the surface of the weld 
is the slag. If a bare iron rod is melted by are or flame, 
the resulting bead will be cevered with a thin layer of 
iron oxide. The flux in gas welding melts over the iron 
to form a coating of nonmetallic matter, which usually 
is spread on the rod. The slag is the molten (later solid) 
coating on the weld. Particularly with coated electrodes 
the slag is not of the same composition as the coating 
or flux. Iron is absorbed, whereas other constituents 
may be lost during welding. Organic material, such as 
cellulose, in a coating forms a gas above 600° C., which 
dilutes the welding atmosphere; hence it is low in oxygen 
and nitrogen, high in gases containing hydrogen and car 
bon. 

The slag has an effect on the surface tension. Surface 
tension is a hypothetical pull in the surface of a liquid 
arising from the fact that there is a strong inward pull 
on every atom in the surface. The inward attraction 
causes the surface to strive to diminish in area. The 
surface tension of molten metal is always very large, 100 
times greater than water. Therefore, there is a large 
angle of contact between a weld scarf and a bare weld 
melt. If the molten metal is covered with slag having a 
low surface tension, the slag diminishes the contact 
angle and facilitates the penetration of the weld melt 
into narrow gaps, such as at the root of a butt or fillet 
weld. Surface tension and viscosity (its reciprocal is 
fluidity) are entirely different. A liquid of high viscosity 
flows down hill very slowly, yet the same liquid, if it has 
low surface tension, will fill sharply any crevice in its 
path. Mercury, on the other hand, has exactly the op 
posite characteristics. It has low viscosity and flows 
rapidly down a slope, yet its high surface tension pre 
vents its filling any crevices in its path. Whereas meits 
become rapidly less viscous as the temperature is raised, 
there is no corresponding change in surface tension 

Alloying elements may change the behavior of a slag, 
which should not be too viscous nor undercut. Suppose 
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the weld melt contains 1% aluminum. Aluminum has 
a high affinity for oxygen and forms Al,O;, melting at 
2050° C. (3700° F.). The oxide joins the slag and makes 
it viscous and sluggish. As a result the slag does not 
cover the melt adequately and tends to become entrapped 
in the solidifying weld. The dangerous effects of Al.O; 
(called alumina) may be counteracted by adding silica 
(SiO2) to the flux. Silica forms mixtures of low melting 
point with alumina. High-alloy steels, such as 18-8, 
may require a different flux from unalloyed steel on ac- 
count of the slagging characteristics of the alloying ele- 
ments. 


Questions 


1. Why are alloying elements added to steels for 
welding purposes? 

2. Distinguish between the transformation of aus. 
tenite to martensite and the precipitation of carbide 
from austenite in high-alloy steels. 

5. Is the recovery of alloying elements from a weld- 
ing rod affected by the composition of the steel to be 
welded? 


Appendix—Metallurgical Constants 


Some of the metallurgical constants or properties that 
may be important in welding are discussed in the follow- 
ing paragraphs. 

1. Specific Gravity 

Specific gravity is the weight of a volume of material 
compared with an equal volume of water. Density is 
the weight in pounds of 1 cubic inch of a material. In 
the metric system specific gravity = density, because 1 
cubic centimeter of water weighs 1 gram. 

The specific gravity of the metals that are welded is 
not important to the operator. If two metals dissolve 
in each other in the liquid state, as most common metals 
do, the lighter is uniformly dispersed in the heavier and 
never tends to rise to the top. If, like aluminum and 
lead, they are not soluble in the liquid form, the lighter 
metal forms the upper layer, the heavier metal forms the 
lower layer, and there is a sharp line of demarcation be- 
tween them. Metals that are not soluble in the liquid 
state are not generally welded. 

Specific gravity may enter into soldering, because a 
solder of low specific gravity will solder a greater length 
of seam than a solder of high specific gravity. 

Specific gravity is particularly important in welding 
from the slag standpoint. If the slag has a higher specific 
gravity than the molten metal, which may happen in 
welding magnesium or aluminum with improper fluxes, 
the slag will collect mainly at the bottom of the weld 
melt. Surface tension under such circumstances usually 

forces a film of slag to cover the surface of the metal. 
The lower the specific gravity of a slag the faster it will 
rise to the surface. It should be remembered that while 
gases have very low specific gravities, they may remain 
dissolved in metals. 


Substance Specific Gravity 

Magnesium. 

Aluminum............ 2.7 

7.9 

13.6 

Tungsten.............19.3 (that is 19.3 times 
as heavy as the same 
volume of water) 

Carbon...... 

Silica (SiO,).......... 2.3 

Alumina 4.0 


2. Melting Point or Melting Range 

Elements and compounds have melting points; that 
is, they melt at a single temperature. Mixtures of ele- 
ments that are not compounds melts over a range of 
temperatures, unless the mixtures are eutectics or have 
other special characteristics. 
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The higher the melting point or range the larger must 
be the amount of heat supplied to melt a given volume of 
metal. A glowing iron wire may melt lead but it will 
never melt iron. Hence, the temperature of the heat 
source in welding must be above the melting range. 
However, two pieces of a material, such as iron, may be 
joined by means of a metal of lower melting point, such 
as bronze. The bronze wets and adheres to the steel 
scarves to which it is applied. The steel is not melted 
during bronze-welding. 

Welding two metals of dissimilar composition be- 
comes increasingly difficult as the difference in melting 
range is widened. It is easy to weld tin to lead but not to 


tungsten. 
Melting 
Substance Point or Range ° C. 
Tm... 232 
Aluminum........ 660 
Copper . 1083 
1530 
Cast iron 31/:% C...... 1130-1200 
0.4% C steel.......... . 1430-1500 
Iron oxide, FeO........about 1400 


3. Boiling Point 

Above the boiling point liquid cannot exist at the 
given pressure. It should be kept in mind that at all 
temperatures below the boiling point the metal may 
evaporate, witness the evaporation of water at room 
temperature in a dry room. 

Metals, such as zinc, whose boiling point is close to the 
melting point should be welded with caution, otherwise 
the weld melt may overheat and too much metal may be 
lost by evaporation or even boiling. If a material of low 
boiling point is dissolved in a material of high boiling point, 
the solution generally has an intermediate boiling point. 
Phosphorus boils at 280° C., but when 0.05% P is dis- 
solved in steel it remains therein even at temperatures a 
little above melting range of steel without ‘‘boiling out.” 
In metal arc welding the temperature between the melt 
and the end of the electrode usually exceeds the boiling 
point of the metal. The arc atmosphere doubtless con- 
tains a considerable percentage of metal vapor. 


Boiling 
Substance Point, °C. 
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Copper . 2600 
Tungsten . over 5000 


Specific Heat 

[he heat required to bring one Ib. of metal to the 
melting point is the product of specific heat and tem- 
perature of melting. Although tungsten melts over 
2500° C. above the melting point of aluminum, the latter 
requires more heat to bring it to the melting point. 
From the welding standpoint specific heat is not impor- 
tant, although a high specific heat would signify a slow 
speed of welding if all other conditions were equal. Asa 
matter of fact, the “‘other conditions’’ always mask the 
effect of specific heat. Although the specific heat of 
aluminum is high, it is only '/; as heavy as an equal 
volume of steel. Therefore, in welding a joint in alu- 
minum only '/; as much metal by weight need be melted 
as for an identical joint in iron. 

Latent heat of fusion is the heat that must be added 
to a solid material at its melting point in order to convert 
it to liquid at the same temperature. The latent heat 
of fusion is 167 B. t. u./Ib. for aluminum, 117 for iron, 91 
for copper and 79 for tungsten. It requires less heat to 
convert solid to liquid at the melting point than to raise 
the metal from room temperature to the melting point 
for the metals under consideration. The latent heat of 
transition of iron at 900°C. and 1400°C. is negligibly small. 

Specific heat, like all the following constants, varies 
with the temperature at which it is measured. 


5. Thermal Conductivity 

The heat that travels to both sides of the scarves 
during the welding of a butt joint is proof that metals 
conduct heat. The heat is rapidly conducted away from 
the scarves in a good thermal conductor, but slowly in a 
poor one. 


Substance Thermal Conductivity, 
cal./em.*/cem./° C./sec. 


Nonmetallic substances are extremely poor thermal con- 
ductors. 

There are wide differences among the thermal conduc- 
tivities. Copper is an excellent conductor, aluminum is 
only halfso good. For this reason, it is believed, aluminum 
can be readily welded with the oxyhydrogen torch—a 
relatively low-temperature source of heat—whereas 
copper cannot. Iron is a poor conductor of heat, which 
may account partly for the ease with which steel can be 
oxygen cut. High thermal conductivity is a great dis- 
advantage in spot welding. All in all, thermal conduc- 
tivity is an important consideration in welding. 

The addition of alloying elements to a pure metal 
always lowers the thermal conductivity. Witness the 
low conductivity of 18-8 despite the fact that the ther- 
mal conductivities of iron, chromium and nickel are 0.19, 
0.17 and 0.14, respectively. 


6. Coefficient of Thermal Expansion 

_ Metals expand when they are heated. The increase 
in length of a bar l-inch long when its temperature is 
raised 1° C. is called the linear coefficient of thermal ex- 
pansion, expressed as 10~* per degree centigrade for 
convenience. 


1940 


WELDING METALLURGY 


Approximate Increase in 


Linear Coefficient of Length When Heated 
Thermal Expansion from Room Temp. to 
Substance 10-* per “C Melting Point 

Lead 30 0.9% 

Aluminum 24 1.6% 

18-8 (austenite) 20 2.8% (18-8) 

Iron (ferrite) 12 2.2% (plain carbon steel) 

Tungsten } 1.4% 

Alumina 8 

Silica Nearly zero (fused silica) to about 10 (ganister) 


Regardless of carbon and alloying elements, ferrite 
generally has a coefficient of about 12, whereas aus 
tenite (whether or not undercooled) has 20. That is 
to say, coefficient of expansion is closely connected with 
crystal structure, unlike thermal conductivity which is 
closely connected with alloying elements 

If the metals we weld did not change in length when 
they were heated there would be neither distortion nor 
shrinkage stresses. The greater the increase in length 
when a metal is heated to the melting point, the more 
pronounced will be the distortion. If, in addition to 
high coefficient of expansion, the metal exhibits high 
thermal conductivity, distortion will likely be particu 
larly troublesome. 

7. Electric Resistivity 

The higher the electrical resistivity, the less the cur 
rent which will pass through unit length of a conductor 
under a given applied voltage: 

Resistance (ohms) = 
amperes 

Heat created by an electric current (amperes)? 
resistance X time. A poor conductor heats up to a 
greater extent than a good conductor when the same 
current is passed through each. In spot welding, there 
fore, the poorer conductor regjuires less current than the 
good conductor, other things being equal. In are weld 
ing, electric resistivity is only of slight importance in 
heating the electrode. Like thermal conductivity, electric 
resistivity depends on the content of alloying elements. 
A solid solution always has lower electric resistivity 
than the pure metal. Resistivity increases as the tem- 
perature is raised. Nonmetallic substances have ex- 
tremely high electric resistivity. The resistivity based 
on unit volume given below is different from the resis 
tivity based on unit weight. 


Electric Resistivity, 


Substance Microhm-cm. 
Copper..... 1.7 
Aluminum. . | 
90.0 
Definitions 


Most of the following definitions were prepared by 
the Committee on Definitions of the American Society 
for Metals, and were published in the 1939 Edition of 
Metals Handbook. 

Acid Steel—Steel melted in a furnace with an acid 
(siliceous) bottom and lining under a slag which is 
dominantly siliceous. 

Aging—The spontaneous change in properties of a 
metal which occurs at relatively low temperatures after 
a final heat treatment or final cold working operation. 
Aging is a process in which the trend is toward a restora- 
tion of equilibrium, and away from an unstable condition 
induced by a prior operation. The fundamental reaction 
involved is generally one of precipitation, sometimes sub- 
microscopic. The method employed to bring about 
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aging consists of exposure to a favorable temperature 
subsequent to (a) a relatively rapid cooling from some 
elevated temperature (quench aging) or ()) a limited 
degree of cold work (strain aging). 

Air Hardening Steel—An alloy steel which does not 
require quenching from a high temperature to harden, 
but which is hardened by simple cooling in air from above 
its critical temperature range. 

Alloy—-A mixture with metallic properties composed 
of two or more elements of which at least one is a metal. 

Alpha Iron—The body centered form of iron stable at 
and below the A; temperature, 910° C. At one time 
alpha iron between 910° C. and 768° C., the magnetic 
point, was known as Beta Iron. 

Amorphous—Noncrystalline. 

Annealing—A heating and cooling operation implying 
usually a relatively slow cooling. 


Note—Annealing is a comprehensive term. 
The purpose of such a heat treatment may be: 

(a2) To remove stresses. 

(6) To induce softness. 

(c) To alter ductility, toughness, electrical, 


magnetic or other physical properties. 
(d) Torefine the crystalline structure. 
(e) To remove gases. 
(f) To produce a definite microstructure. 


In annealing, the temperature of the operation and 
the rate of cooling depend upon the material being heat 
treated and the purpose of the treatment. 


A. Full Annealing—Heating iron-base alloys above 
the critical temperature range, holding above that 
range for a proper period of time, followed by slow 
cooling to below that range. 

Note—tThe annealing temperature is generally 
about 100° F. above the upper limit of the critical 
temperature range, and the time of holding is usu- 
ally not less than one hour for each inch of section 
of the heaviest objects being treated. The objects 
being treated are ordinarily allowed to cool slowly 
in the furnace and cooled in some medium which will 
prolong the time of cooling as compared to unre- 
stricted cooling in the air. 

B. Normalizing—Heating iron-base alloys to ap- 
proximately 100° F. above the critical temperature 
range followed by cooling to below that range in still 
air at ordinary temperature. 

C. Spheroidizing—Any process of heating and 
cooling steel that produces a rounded or globular form 
of carbide. 

D. Tempering (also termed drawing)—Reheating 
hardened steel to some temperature below the 
lower critical temperature, followed by any desired 
rate of cooling. 


Atom—Negatively charged electrons in equilibrium 
with a nucleus of equal but positive charge. 

Austenite—Solid solutions in which gamma iron is the 
solvent are called austenite. 

Banded Structure—A segregated structure of nearly 
parallel bands which run in the direction of working. 

Basic Steel—Steel melted in a furnace with a basic 
bottom and lining and under a slag which is dominantly 
basic. 

Blow-Hole—A hole produced during the solidification 
of metal by evolved gas which, in failing to escape, is 
held in pockets. 

Blue Brittleness—Brittleness occuring in steel when 
worked in the temperature range of 300-700° F., or when 
cold worked after being worked within this temperature 
range. 
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Boiling Point—-Temperature at which vapor pressure 
is atmospheric, 760 mm. mercury. 

Burning—The heating of a metal to temperatures 
sufficiently close to the melting point to cause per. 
manent injury. Such injury may be caused by the 
melting of the more fusible constituents, by the ‘pene. 
tration of gases such as oxygen into the metal with con- 
sequent reactions or perhaps by the segregation of ele- 
ments already present in the metal. 

Capillarity—-Ability of weld metal to penetrate fine 
gaps. Rise of liquids in narrow tubes is evidence of 
surface tension. 

Carbon Steel—Steel which owes its properties chiefly 
to various percentages of carbon without substantia] 
amounts of other alloying elements; also known as 
ordinary steel or straight carbon steel or plain carbon 
steel. 

Carburizing (cementation)—Adding carbon to the 
surface of iron-base alloys by heating the metal below 
its melting point in contact with carbonaceous solids, 
liquids or gases. 

Cast Steel—Any object made by pouring molten steel 
into molds. 

Cementite—Iron and carbon form a hard, brittle, 
crystalline compound, the composition of which is rep- 
resented by the formula Fe;C. This compound is re- 
ferred to as iron carbide, or cementite. It contains 
6.68% carbon by weight. 

Cleavage Plane—lIt is frequently possible to fracture 
a crystal of a metal or other substance so that the surface 
of fracture is smooth and plane, and always parallel to 
some definite crystallographic plane. The crystallo- 
graphic plane is known as a cleavage plane. A substance 
may cleave on more than one crystallographic plane. 

Cold Shut—-A defect produced during casting of mol- 
ten metal which may result from splashing, surging, in- 
terrupted pouring or the meeting of two streams of 
metal coming from different directions. It may be due 
to the freezing of one surface before the other metal 
flows over it, or to the presence of interposing surface 
films or dirt on cold sluggish metal, or to any factor 
that will prevent a perfect union where two surfaces 
meet that should fuse and blend. 

Cold Working—Plastic deformation of a metal at a 
temperature low enough to insure strain hardening. 

Critical Points—The crystal changes in steel liber- 
ate heat when they take place on cooling, and ab 
sorb heat on heating. These evolutions and absorp- 
tions of heat are shown by halts or arrests in cooling 
curves and heating curves, which indicate the tempera- 
tures at which the changes take place, and are usually 
called the critical points. 

The method of designating the various points, which 
is borrowed from the French, needs a word of explana- 
tion. The halt or “‘arrest’”’ in cooling or heating is desig- 
nated by the letter A, standing for the French word ar- 
rét. An arrest on cooling is referred to by the letters 
Ar, r standing for refroidissement = cooling. An arrest 
on heating is designated by the letters Ac, the c standing 
for chauffage = heating. The various arrests are dis- 
tinguished from each other by numbers after the letters, 
being numbered in the order in which they occur as the 
temperature increases, Table 2. 

When the critical point or the recalescent point is 
mentioned, it is usually the temperature of the eutectoid 
transformation, A;, that is meant. 

Crystal—A coherent piece of matter all parts of which 
have the same anisotropic arrangement of atoms; in 
metals usually synonymous with grain and crystallite. 

Decalescence—The absorption of heat which occurs 
when steel is heated through the Ac, point. 
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Table 2—Critical Points 


Temp., Temp., 


Arrest Significance 
1, 200 300 A magnetic change in cementite. 
Probably not a phase change 
Hence shown in diagram by dotted 
line. 
Ay 723 1333 The eutectoid transformation. 
As 768 1414 A change in the magnetic and certain 


other properties of alpha iron 
Not a phase change 
As 910 1333-1670 The beginning of the precipitation of 
ferrite from austenite on cooling, 
or the end of its solution on heat- 
ing. 
The change from gamma to delta 
iron on heating, and vice versa on 
cooling. 


A, 1400-2552 (in 
pure iron) 


Decarburization—The removal of carbon (usually 
refers to the surface of solid steel) by the (normally 
oxidizing) action of media which react with carbon. 

Dendrite—A crystal formed by solidification, or in 
any other way, having many branches and tree-like 
pattern; also termed ‘“‘pine tree’’ and “‘fir tree’’ crystals. 

Electron—Negatively charged particle weighing 10~*’ 
gm. 

Elongation—-The amount of permanent extension in 
the vicinity of the fracture in the tension test; usually 
expressed as a percentage of the original gage length, 
such as 25% in 2inches. It may also refer to the amount 
of extension at any stage in any process which continu- 
ously elongates a body, as in rolling. 

Endurance Limit—A limiting stress, below which 
metal will withstand without fracture an indefinitely 
large number of cycles of stress. If the term is used 
without qualification, the cycles of stress are usually 
such as to produce complete reversal of flexural stress. 
Above this limit failure occurs by the generation and 
growth of cracks until fracture results in the remaining 
section. 

Equilibrium—The iron-carbon diagram represents 
alloys in condition of equilibrium. It may be considered 
that a state of equilibrium exists in an alloy at any 
given temperature where exposure to that for any further 
period of time does not produce any change in constitu- 
tion, provided the temperature in question is sufficiently 
high to allow constitutional changes to go to completion. 
The test of equilibrium is that the same condition is 
reached, no matter from which side it is approached, 
whether heating or cooling. 

Eutectic Alloy—The composition in an alloy system 
at which two descending liquidus curves in a binary 
system or three descending liquidus surfaces in a ternary 
system intercept at a point. Such an alloy has thus a 
lower melting point than neighboring compositions. 
More than one eutectic composition may occur in a given 
alloy system. 

Eutectoid—Similar to an eutectic except that instead 
of a liquid solution, a solid solution decomposes. 

Evaporation—Process in which atoms leave a liquid 
or solid to join the surrounding atmosphere 

Fatigue—The phenomenon of the progressive frac- 
ture of a metal by means of a crack which spreads under 
repeated cycles of stress. 

_Ferrite—The term ‘ferrite’ is applied to solid solu- 
tions in which alpha iron (or delta iron) is the solvent. 

Fiber—A characteristic of wrought metal manifested 
by the fibrous or woody appearance of fractures and indi- 
cating directional properties. Fiber is caused chiefly by 
the extension in the direction of working of the con- 
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stituents of the metal, both metallic and non-metallic. 
This term also refers to the characteristic reorientation 
of the crystalline particles of the metal produced by a 
given deformation process. 

Fiber Stress—Local unit stress at a point or line on a 
section over which stress is not uniform, such as the 
cross section of a beam under bending load 

Finishing Temperature—-The temperature at which 
hot mechanical working of metal is completed 

Flake—Internal fissures in large steel forgings or 
massive rolled shapes. In a fractured surface or test 
piece they appear as sizeable areas of silvery brightness 
and coarser grain size than their surroundings. Some- 
times known as ‘‘chrome checks’ and (when revealed 
by machining) “hair line cracks."" Not to be confused 
with “woody fracture.”’ 

Gamma Iron—A crystal form of iron (face-centered 
cubic) stable between A; and A, 

Grains—lIndividual crystals in metals. 

Grain Growth—An increase in the grain size of metal. 

Graphite—Under certain conditions, some of the car 
bon of iron-carbon alloys is present in the form of graph 
ite, which is a distinct crystalline modification of the 
element carbon. Graphite formed by annealing, as in 
malleable castings, is commonly referred to as temper 
carbon. 

Hardening—Heating and quenching certain iron-base 
alloys from a temperature either within or above the 
critical temperature range for the purpose of producing 
a hardness superior to that obtained when the alloy is 
not quenched. Usually restricted to the formation of 
martensite. 

Heat Treatment—-An operation or combination of 
operations involving the heating and cooling of a metal 
or alloy in the solid state for the purpose of obtaining 
certain desirable conditions or properties. 

Hot Shortness—Brittlenes$ in metal when hot. 

Hot Working—Plastic deformation of metal at a 
temperature high enough to prevent strain hardening 

Inclusions—Particles of impurities, usually oxides, 
sulphides, or silicates, which are mechanically held 
during solidification or are formed by subsequent re 
action of the solid metal. 

Ingot Iron—An open-hearth iron very low in carbon, 
manganese and other impurities. 

Killed Steel—A steel sufficiently deoxidized to prevent 
gas evolution during solidification. The top surface ot 
the ingot freezes immediately and subsequent shrinkage 
produces a central pipe. A semi-killed steel, having been 
less completely deoxidized, develops sufficient gas evolu 
tion internally in freezing to replace the pipe by a substan 
tially equivalent volume of rather deep-seated blow-holes 

Lattice (Space Lattice) Lattice lines and lattice 
planes are lines and planes so chosen as to pass through 
more than one lattice point, and non-collinear lattice 
points, respectively. 

Liquidus—The line on a temperature composition 
(phase) diagram of a binary system or surface on a dia 
gram of a ternary system, representing the temperatures 
at which freezing begins on cooling or melting ends on 
heating under equilibrium conditions. 

Macrostructure-——The structure and internal condition 
of metals as revealed on a ground or polished (and some 
times etched) sample, by either the naked eye or under 
low magnifications (up to about 10 diameters). 

Martensite—-A microconstituent or structure im 
quenched steel characterized by an acicular or needle 
like pattern on the surface of polish. It has the maxi 
mum hardness of any of the decomposition products of 
austenite. 


Melting Point—-The temperature at which the crystals 
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of a pure metal are in equilibrium with liquid of the same 
composition. 

Neumann Bands—Mechanical twins in alpha iron, in 
the form of narrow bands parallel to the form (211). 
Customarily formed only on deformation by impact, 
but in some alloys (silicon ferrite) and particularly at 
low temperatures formed more readily, as in ordinary 
cold working processes. 

Orientation (Crystal)—Arrangement in space of the 
axis of a crystal; every crystal at every moment has a 
definite orientation; only aggregates, in space or in 
time, can possess chaotic orientation; if not chaotic, 
some one or more orientations must be preferred. 

Overheating—Heating to such temperatures that the 
grains have become coarse, thus impairing the properties 
of the metal. 

Pearlite—The lamellar aggregate of ferrite and car- 
bide resulting from the direct transformation of austenite 
at Ar,. 

Pipe—A cavity formed in metal (especially ingots) 
during the solidification of the last portion of liquid 
metal. Contraction of the metal causes the cavity or 
pipe. 

Pit—A sharp depression in the surface of a metal. 

Plastic Deformation—Change in dimension of a metal 
which is not recovered when the load is removed. Pilas- 
tic strictly signifies flow (distance moved per unit of 
time) under constant pressure above a minimum pressure 
below which flow does not occur. Since the irrecover- 
ability is the important thing and rate of flow usually 
of no importance practically and debatable theoretically, 
it ispreferable to call it inelastic deformation, especially 
in view of strain hardening. 

Quenching—Rapid cooling by immersion in liquids or 
gases or by contact with metal. 

Recalescence—The liberation of heat when steel is 
cooling through the Ar, point. 

Recrystallization—On heating a cold worked metal to 
a sufficiently high temperature, or for a sufficiently long 
time at a somewhat lower temperature, new grains appear 
and grow, until ultimately a new grain structure has com- 
pletely replaced the old. 

Red Shortness—Brittleness in steel when it is red hot. 

Reduction in Area—The difference between the origi- 
nal cross-sectional area and that of the smallest area 
at the point of rupture. It is usually stated as a per- 
centage of the original area; also called ‘‘contraction of 
area.” 

Rimmed Steel—An incompletely deoxidized steel nor- 
mally containing less than 0.25% C and having the 
following characteristics: (a2) during solidification an 
evolution of gas occurs sufficient to maintain a liquid 
ingot top (“‘open”’ steel) until a side and bottom rim of 
substantial thickness are formed. If the rimming action 
is intentionally stopped shortly after the mold is filled 
the product is termed capped steel. (+) After complete 
solidification, the ingot consists of two distinct zones: 
a rim somewhat purer than the poured metal and a core 
containing scattered blow-holes with a minimum amount 
of pipe and having an average metalloid content some- 
what higher than the poured metal and markedly higher 
in the upper portion of the ingot. 

Scab (Scabby)—A rough projection on a casting caused 
by the molds breaking or being washed by the molten 
metal; or occurring where the skin from a blow-hole 
has partly burned away and is not welded. 

Seam—A crack on the surface of a metal which has 
been closed but not welded; usually produced by blow- 
holes which have become oxidized. If very fine, a seam 
may be called a hair crack or hair seam. 

Slip Bands—A series of parallel lines running across 
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a crystalline grain and produced by deforming the body 
after the surface on which these lines appear has | 


veen 
polished. They are traces of the slip planes joining the 
displaced crystalline blocks or lamellae. 

Soaking—Holding steel at an elevated temperatur 
for the attainment of uniform temperature throughout 
the piece. 

Shrinkage Stresses—Stresses existing in a body not 
subjected to external loads. The body is in equilibrium 
because the shrinkage stresses are tensile in some parts, 
compressive in other parts; the tensile and compressive 
stresses balance Also known as internal, inherent. 
thermal, residual or reaction stresses. 

Solid Solution—A group of atoms of different metals 
in which the crystal lattice of one of the metals is re- 
tained. Solid solutions may be divided into two types 
The general or substitutional class, and the more limited 
interstitial group. When the solute atoms replace or are 
substituted for some of the atoms of the solvent lattice, 
the solution is termed substitutional. In the second, or 
interstitial type, the solute atoms are dispersed in the 
vacant spaces between the solvent atoms, that is, intro- 
duced in the lattice in addition to the solvent atoms. 

Strain Hardening—The increase in hardness resulting 
from inelastic deformation below the recrystallization 
temperature. 

Sublimation—Process in which atoms from a solid 
pass into the gaseous form and are condensed elsewhere 
to a solid, liquid not appearing throughout the process 

Surface Tension—A hypothetical tension imagined 
to exist in the surface of liquid; the tension arises from 
the attraction of atoms or molecules in the surface to 
ward the interior of the liquid. 

Solidification Range—Temperature range through 
which metal freezes or solidifies. 

Solidus Line—The line on a phase diagram below 
which (at lower temperature) the alloy is entirely solid 
under equilibrium conditions. 

Sorbite—A late stage in the tempering of martensite, 
when the carbide particles have grown so that the struc 
ture has a distinctly granular appearance. Further and 
higher tempering causes globular carbides to appear 
clearly. 

Spheroidal Cementite—The globular condition of iron 
carbide resulting from a spheroidizing treatment (see 
annealing). The initial structure may be either pearlitic 
or martensitic. 

Ternary Alloy 
elements. 

Transition (Transformation)—The change from a 
crystal on one lattice type to a crystal of a different lat- 
tice type. 

Troostite—A microconstituent of hardened and tem- 
pered steel which etches rapidly and, therefore, usually 
appears dark. It consists of a very fine aggregate ol 
ferrite and cementite and is not resolved under the 
microscope. 


An alloy containing three principal 


Note—tTwo entirely different structures are fre 
quently confused and called troostite. The nodular 
quick etching microconstituent, found in steel which 
is cooled just too slowly to be fully martensitic, can 
be resolved into very fine pearlite. It is recom- 
mended that the use of the term “‘troostite’’ or 
‘quenching or nodular troostite”’ to denote this struc 
ture be avoided. ‘“Temper troostite’’ is the first prod- 
uct of the tempering of martensite and consists 0! 
submicroscopic particles of carbide in ferrite, and is 
frequently indistinguishable in general appearanc: 
from a quickly etching fine pearlite. If the word 
troostite is to be retained it should be reserved for 
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temper troostite. It changes on higher tempering 
by indistinguishable degrees into sorbite. 

[wins—A crystal grain in which the crystal lattices 
of two parts are related in orientation to each other as 
mirror images across the interface, which is known as the 
twinning plane. 

Viscosity—A physical constant related to the resis- 
tance to movement of atoms within a liquid. 

Wetting—Wetting of a solid by a liquid is defined by 
the angle of contact in the liquid. The smaller the angle 
of contact the more complete the wetting. 

Widmannstatten Structure—When a new solid phase 
forms from a parent solid phase, such as ferrite from aus- 
tenite, the new phase generally develops plates paraliel 
to lattice planes of a single form in the parent phase, for 
example, the four families of octahedral planes in aus- 
tenite. On the polished and etched surface the traces 
of these plates intersect in a geometrical pattern. Needles 
and polyhedra may also form. The orientation of the 
lattice in the new phase is related crystallographically 
to the orientation of the lattice in the parent phase. 


HEALTH ASPECTS 


Familiarly seen in cast steel and overheated wrought 
steel when cooled rather rapidly, but may occur in any 
alloy in which a phase change occurs. 

Work Hardness—Hardness developed in metal result 
ing from cold working. 

Yield Strength—Stress corresponding to some fixed 
permanent deformation such as 0.1 or 0.2% offset from 
the modulus line. 


Chemical Symbols 


Fe iron Mo molybdenum 
carbon V vanadium 
Mn. manganese Cu copper 

Si. . Silicon Al aluminum 
sulphur W tungsten 
re phosphorus O oxygen 

Ni. nickel N nitrogen 
Cr........chromium H hydrogen 
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By DR. A. G. CRANCHt 


EALTH aspects of the oxyacetylene process 

will be considered at this time on the basis of 

experience rather than theory or surmise, i.e., what 
are the real health hazards of the process and how 
may they be avoided? 

There are some hazards to which operators are exposed 
which we need hardly consider now. These include 
burns, exposure of the eyes to excessive light—com- 
monly called ‘“‘glare’’— and the hazards mentioned now 
and then due to posture. Burns incident to the process 
are essentially no different from accidental burns of 
the same degree from any other source. They present 
no special problems calling for different treatment be- 
cause of their cause. The eyes without protection would 
be exposed to excessive light, which may result in injury. 
lhe need for adequate protection from this hazard is well 
recognized. Details as to required protection are easily 
available in ‘‘American Standard Safety Code for Pro- 
tection of Heads, Eyes and Respiratory Organs’ (Na- 
tional Bureau of Standards Handbook H 24). Com- 
petent advice can be obtained also from any respon- 
sible manufacturer or dealer in goggles and other safety 
equipment. As for posture, the uses of the process 
are so varied that no doubt it is often employed under 
circumstances which result in poor posture which, if 
maintained over long periods, will lead to undue fatigue 
or even more definite ill effects. These faults of posture, 
however, are not inherent in the process, any more than 
laulty posture is a characteristic of, let us say, the boiler- 
makers’ and pipefitters’ trades. ‘Poor posture’ then 
can hardly be described as a health hazard of the oxy- 
acetylene process as such. A little care in arranging the 
work will often avoid much of the difficulty sometimes 
coming from this source. : 


, Address given at Annual Luncheon, 40th Annual Convention of the 


Apeil 11, 194 Acetylene Association, Schroder Hotel, Milwaukee, Wisconsin 
pm 940 


1 Industrial Toxicologist, New York. 
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Oxyacetylene Process 


Coming to the potential health hazards in the oxy- 
acetylene process these arise,from the gases, fumes or 
dusts which may be present because of materials needed 
in the process, produced during the process, or originating 
in or on the material to be welded or cut. Recent litera- 
ture on the subject has emphasized a considerable 
number of what might be called ‘‘theoretical hazards’ 
usually attributed to various impurities which might 
conceivably be present in some materials, and also some 
hazards which have been found under very unusual 
conditions but are essentially non-existent in general 
welding practice. Most of the real hazards are from 
easily recognized sources, and adequate protection is 
usually not difficult to obtain. If precaution is taken 
to avoid the generally recognized hazards, probably 
these same precautions will protect from the often over 
emphasized theoretical hazards. 

To consider first the possible hazards from gases. 

Acetylene.—This gas is a “‘simple asphyxiant.” In 
other words, it becomes a health hazard not because it is a 
‘“poison’’ but only when breathed in such a high con 
centration that the oxygen in the remaining air is re 
duced to a point where not enough remains properly to 
supply the body. No serious effect would be noted until 
the concentration of acetylene in the air reached 30% 
or more. As the lower explosive limit of acetylene in 
air is about 2'/.—-3%, it is evident that in the presence of a 
flame an explosion would occur long before the acetylene 
concentration could affect health otherwise. Many 
writers refer to the hazard due to impurities such as 
phosphine, arsine, hydrogen sulphide, etc., which may 
be present in the acetylene. When acetylene from 
calcium carbide was first produced commercially in 
Europe it sometimes showed significant amounts ot 
such impurities. Carbide made in this country from 
our native raw materials shows no such degree of im 
purity so that even ‘generator’ gas is safe in this re 
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spect. The gas is usually still further purified before 
compression in cylinders, so that the impurities are 
present only as traces if at all. In fact the compressed 
gas has been in fairly frequent use for anesthesia, without 
any ill effects because of toxicity or presence of impuri- 
ties. 

Oxygen, the other gas supplied to produce the oxy- 
acetylene flame, needs no discussion here as a health 
hazard. Without oxygen, life could not exist; however, 
oxygen should not be used as a substitute for air in 
ventilation as it causes combustible material such as 
clothing, if ignited, to burn more rapidly. 

“Oxygen Deficiency” is a frequently mentioned haz- 
ard, but as caused by the process is far more imaginary 
than real. Even theoretically the process could only 
cause this hazard if carried on in a small closely confined 
space. Practically before the use of the flame would 
deplete the oxygen in the air to a dangerous degree the 
flame would become so unsatisfactory for welding pur- 
poses that the operator should have ample warning. 
Health conditions blamed on oxygen deficiency, if 
carefully checked, in all probability would be found due 
to quite other causes than the burning of the oxyacetylene 
flame. 

Gases Produced Through the Action of the Oxyacetylene 
Flame.—These may be carbon monoxide, carbon dioxide 
and oxides of nitrogen (the so-called ‘“‘nitrous fumes’’). 
Some writers have claimed that ozone may also be 
formed, but this is highly improbable and its presence 
has never been proved. Carbon monoxide is a product of 
incomplete combustion and sometimes it has been al- 
leged that welding operators have suffered through ex- 
posure to this gas caused by the welding process. Small 
amounts may be given off when the flame is first played 
upon cold metal, but even in confined spaces it is very 
doubtful that a dangerous concentration would be 
reached except under the most unusual circumstances. 
A welding operator is certainly less exposed to a carbon 
monoxide hazard than the traffic policeman during heavy 
auto travel, or the housewife using a gas range. Carbon 
dioxide is formed during the burning of the oxyacetylene 
flame, but even in confined spaces a concentration will 
not be reached which would be a health hazard. 

The hazard from oxides of nitrogen in oxyacetylene 
welding has been stressed by almost every writer on 
welding hazards. I shall refer to this simply to stress the 
fact that a very thorough search of the literature reveals, 
as far as I can find, one British report of a case and six 
from German sources. I wish to emphasize the fact 
that the British case, most quoted, was in connection 
with the use of two large oxyacetylene flames being used 
in a ship’s afterpeak to heat the crossbar of a rudder. 
The German cases all came from working in small tanks 
or pressure vessels with acknowledged lack of any reason- 
able ventilation. When one considers the innumerable 
times that this process has been used, even in confined 
spaces, during the past thirty-five years, and that only 
these few cases have been reported, one is forced to the 
conclusion that the hazard from this source is, to say the 
least, remote! Nitrogen dioxide in very high concen- 
tration is a brown gas and some writers have attempted 
to attribute the brown fume noticed in welding some 
materials to the presence of this gas. If present at all it 
would be in such minute concentration—only a few 
parts per million—as to have no visible effect whatever 
on the fume. To consider brown welding fumes as 
colored by oxides of nitrogen is perfectly ridiculous. 

The gases encountered in the oxyacetylene process 
are a health hazard only under very rare conditions. 
Fumes, however, must be reckoned with more frequently. 
These are chiefly metallic fumes and may originate in the 
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metals worked upon or in the rods used in welding, 


Other fumes may originate in the fluxes. The fume most 
commonly encountered is that from zinc. This js 
produced in welding on brass or bronze, through the 
use of a bronze filler rod, or by welding or cutting of 
zine-coated material. Exposure to zine fumes may 
result in “‘metal fume fever,’’ more commonly known 
as “‘zine chills,’’ or ‘‘brass chills.’’ It may at times ly 

produced by the fumes from other metals, as for in 

stance, copper. Metal fume fever is often referred to as 
a serious health hazard. It is, however, an acute con 

dition usually developing a few hours after exposure, 
and seldom lasting over twenty-four hours. It is self 

limiting and without recognized complications, after 
effects or chronic form and does not seem to predispose 
to other illness. In nearly all cases daily exposure ap- 
pears to result in an immunity to further attacks as long 
as regular exposure continues. Some have argued 
that the appearance of zinc chills represents an exposure 
to fume sufficient to indicate the possibility of chronic 
poisoning by such impurities as lead or arsenic which 
may be found in the zinc. This is, of course, a theo- 
retical possibility in case of heavy daily exposure to 
zinc fumes from material containing these impurities 

Practically, however, the chance of chronic poisoning 
from this source is quite remote. 

Lead fumes are a real hazard when the oxyacetylene 
flame is used for welding or cutting of lead-coated mate 
rial. They most commonly occur in cutting opera 
tions in the scrapping of ships, railway cars or structural 
iron work which have been heavily coated with lead 
paint. Under these conditions the lead exposures are 
often extreme and call for very definite protective mea- 
sures which will be discussed later. Recently another 
potential source of lead hazard has appeared which 
must be considered in this connection, namely the 
introduction of lead in certain steels. The manufactur 
ers of this steel are to be commended for the thorough 
study they have made of the possible health hazards con 
nected with its use ever since its first production. A pub 
lished report on the control of the health hazards which 
may arise in the use of this steel gives in considerable 
detail methods for estimating the exposure and the mea- 
sures which should be adopted for protection. 

Since the recently increased use of cadmium as a pro 
tective coating for many steels, notably hardware fittings, 
cases of cadmium poisoning have been reported from ex 
posure to cadmium fumes from oxyacetylene welding. 
In such an exposure the cadmium fumes act almost en 
tirely as a lung irritant, causing definite bronchial trouble 
and if in considerable concentration serious edema, or 
swelling of lung tissue. 

The possibility of manganese poisoning has often been 
suggested in connection with the use of the oxyacetylene 
flame on manganese bearing steels. For over twenty 
years I have made a particular study of manganese 
poisoning, and so far I have been able to find no evidence 
indicating the possibility of manganese poisoning from 
this source. The quantities of manganese involved are 
infinitesimal compared with those known to produce 
manganese poisoning, and the history of the use of th 
oxyacetylene process fails to reveal any cases even 
slightly suggestive of manganese poisoning. 

Chromium is another metal sometimes mentioned as a 
potential hazard. Here again there has been no ev! 
dence which I have been able to discover indicating 
that this is a health hazard in connection with the ox) 
acetylene process. Chromium has caused trouble as 
chromic acid, or as soluble chromates, but not through 
the presence of the metal as found in the composition 0! 
certain steels. Various other metals also enter into the 
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composition of certain steels, such as molybdenum, 
yanadium, tungsten, etc., but there has been no evi 
dence that their presence constitutes a health hazard. 

Even the fumes of iron have been considered. In rare 
cases extreme exposure to fumes containing iron oxide 
may result in a peculiar change in the X-ray appearance 
of a welding operator’s lungs. This resembles in some 
respects the appearance of a silicosis, but has been noted 
where exposure to silica was negligible and has never 
been associated with clinical symptoms. There is ex- 
cellent evidence that this appearance is due to the pres- 
ence in the lung of small collections of iron pigment, 
opaque to X-ray, but no more significant of a health 
hazard than tattoo marks in the skin indicate a derma- 
titis hazard. As for silicosis, even this has been alleged 
as a hazard in the use of the oxyacetylene process. This 
is another hypothetical hazard which certainly seems to 
have no foundation whatever in fact. Silica does enter 
into the composition of certain steels but free silica, the 
source of silicosis, is not a hazard in welding or cutting 
fumes. 

Before leaving the discussion of fumes some reference 
should be made to the rods and fluxes used in oxyacetyl- 
ene welding as a source. It should be emphasized that 
usually only bare rods are used with the oxyacetylene 
flame. Some coated rods are being produced, but the 
coatings contain essentially the same materials which 
would otherwise be used as flux and do not introduce 
any new hazards. The composition of the bare rods 
varies of course, according to the use intended, and they 
are of very similar composition to the material to be 
welded—iron, brass, copper, aluminum, stainless steel, 
etc. The so-called ‘“‘bronze’”’ rods are really essentially 
brass, of approximately 60% copper, the balance zinc. 
In practically all rods very small amounts of other metals 
such as manganese, tin, silica, etc., are added for tech 
nical reasons, but in amounts which should not effect 
the health hazard. In the use of zinc-containing rods 
there is, of course, the possibility that sufficient zinc 
fumes could be produced so that under some conditions 
“zine chills’ might occur. 

The fluxes used in oxyacetylene welding usually do not 
present any health hazard. Those most generally used 
are essentially various combinations consisting of borax, 
boric acid and sodium carbonate. Some contain sodium 
silicate and those used for aluminum welding quite 
generally contain fluorides. This last is important 
from the health standpoint as the fume from such 
fluoride fluxes when inhaled may cause considerable ir- 
ritation to the air passages. It follows that when using 
such fluxes one should take such measures as are neces- 
sary to avoid breathing the fumes. 

What then are the real hazards to health in the use of 
the oxyacetylene process and how may they be avoided? 
Under average working conditions the hazards are very 
lew and are limited to the following: 

l. Zine chills—from work on brass or bronze, with 

“bronze rods,’’ or on galvanized surfaces 

2. Irritation of the air passages—from exposure to 
cadmium fumes, or fumes from fluxes containing 
fluorides 

5. Lead poisoning 


from welding or cutting of lead- 
coated materials or lead-bearing metals, as in some 
steels. 
lo the above should be added a fourth source of 
hazards which may arise from the presence of various 
wastes, sludges, etc., which may be found on material 
worked upon, and which when heated may give off 
harmful fumes. 
_ The answer to all these hazards is protection from the 
inhaling of excessive concentrations of fume. This is 


most essential when working in confined or poorly venti 
lated areas. Nearly all the ill effects noted from use of 
the oxyacetylene process have resulted from work in 
small spaces, as in tanks and boilers without proper 
ventilation, or from excessive exposure to lead fume in 
cutting lead painted metal scrap. 

Ventilation is the real answer. There have been in 
creasing demands that specific standards be given for 
this. This would be well nigh impossible when one 
thinks of the very varied circumstances under which the 
process is used, and the equally variable output of harm 
ful fumes. There have been demands also for the es 
tablishment of “safe limits of concentration’’ for the 
different fumes. This too would be of but slight help in 
controlling hazards. Could such limits be established 
for the average individual, we would still have personal 
factors to reckon with. Moreover, to base control on 
such limits one would have to determine the degree of 
exposure present in each operation. In most instances 
the work is carried on where there is no possible oppor 
tunity to make such determinations, and also a concen 
tration detected at one test might be wholly different 
at the same point only a few minutes later. So while 
attempts to set up specific rules for ventilation, or control 
through setting ‘‘safe limits’ of concentration, might 
help under certain conditions, they could not accom 
plish much under the great majority of conditions where 
the process is used. 

Much can be done through intelligent cooperation by 
the operator in avoiding unnecessary exposure. The 
position of the operator in relation to his work can often 
be arranged so that much exposure is avoided. Atten 
tion to ordinarily available means of ventilation also 
may help. When working with materials with high 
zinc content, or with cadmium or a fluoride flux, particu 
lar attention should be giver® to ventilation, with re 
moval of fumes as far as possible. This may require local 
exhaust ventilation. (Several portable exhaust ventila 
tion units are now on the market.) Where such protec 
tion is not possible, a considerable degree of protection 
may be had with the new metal fume filter respirators. 
Only such respirators, should be used as have been ap 
proved by the Bureau of Mines for this purpose. Such 
respirators do not protect, of course, from gases, and in 
confined spaces are not to be considered for protection 
from lead or zinc fumes. Here only air-supply masks can 
be recommended. For oxvacetylene cutting of lead 
painted scrap, indoors or outdoors, the air-supply mask 
would seem to be the only adequate protection at present 
available. For many operations such a mask may be 
used drawing its air supply directly through a hose car 
ried to a point where an uncontaminated air supply is 
available. This is usually practicable if the hose need 
not exceed 25 feet in length. Under other conditions air 
under pressure must be used. Such pressure should not 
exceed 5 pounds per square inch. The air should be 
supplied by a blower specially designed for the purposs 
The air supply from an ordinary compressed air system 
may be dangerous through the presence of oil fumes, or 
possibly carbon monoxide, if there has been any over 
heating of the compressor. 

By far the most important hazard to health in use of 
the oxyacetylene process is where the work is carried 
on in small confined spaces. The process should never 
be used in such locations unless: (1) the space can be so 
freely ventilated that fume concentrations are obviously 
kept down to those common under average conditions of 
work, or (2) a good air-supply mask is used for protec 
tion. Except for occasional cases of zine chills, lead 
poisoning or irritation from fluoride flux vapors, prac 
tically all ill effects on health from this process have been 
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where it has been carried on in confined spaces without 
using proper ventilating precautions. 

As for the general health of welding and cutting opera- 
tors, there has been no evidence advanced that this has 
been endangered in any special way by the hazards of the 
process. The men exposed show no outstanding illnesses, 
characteristic of their work, and are as little subject to 
lost time through illness of any kind as any other group 
of similar type, not engaged in this work. 

The oxyacetylene process involves certain well recog- 
nized hazards. These can be controlled through proper 


Welded Ladles’ 


HE use of all-welded steel ladles with a capacity of 
190 tons of molten steel—the largest of their kind 
ever made—bears eloquent testimony to the con- 
fidence placed in welded construction by the manage- 
ment of Bethlehem Steel Company. Eight such ladles 
have recently been placed in operation in the open- 
hearth department at the Company’s Maryland plant, 
Sparrows Point. The performance of 35 ladles of the 
same construction, although somewhat smaller in size, 
135 tons each, is ample guarantee that all-welded ladles 
can be used with perfect safety. Some of these ladles 
have been in continuous service for seven years and not 
a single failure has ever occurred. 

Manufacture of all-welded ladles calls for extreme care 
in design and fabrication and requires skilled and highly 
experienced welders. Adequate equipment for heat 
treating is absolutely essential as the completed ladles 
must be stress relieved at 1150 to 1250° F. 

The weight of the 190-ton ladles including stopper rig- 
ging, is 58,300 Ib. Estimated weight of the brick lining 
is 50,500 Ib., making a total weight including the hot 
metal of 489,600 Ib. (assuming 380,800 Ib. of metal). 
They are replacing riveted ladles of conventional con- 
struction, of 168 tons capacity, weighing 96,000 Ib. with- 
out brick lining. This makes a saving of 37,700 lb., or 
18.9 tons, which roughly figured offsets the increase in 
live load of 22 tons of molten steel, and eliminates the 
necessity for increasing the capacity of cranes, hooks and 
runways. 

The new ladles are of eliptical design and have the 
following dimensions: Largest diameter, 15 ft. 6°/; in. at 
top, 12 ft. 4°/i. in. at bottom; smallest diameter, 12 ft. 
2 in. at top, 9 ft. 4°/;5 in. at bottom; over-all depth 12 
ft. 9'/ in.; center to center of lifting hooks, 13 ft. The 
two trunnions are 13 in. diameter and are made of spe- 
cial forged steel, normalized and annealed for 70,000 Ib. 
per sq. in. tensile strength, 40,000 Ib. per sq. in., yield 
point and consistent ductility. The shell plate is 1'/s in. 
thick, and is made in two halves, butt-welded together 
with a vertical, double V-weld. 

The ladles were fabricated at Bethlehem’s Steelton 
plant, where furnaces for heat treating work of this 
size are available. However, as the finished ladles were 
too large for shipping, it was necessary to make them in 
two sections, a top section 9 ft. 6 in. high, and a bottom 


* News Release by Bethlehem Steel Co., Bethlehem, Pa. 


(Upper Right) 190-Ton All-Welded Ladle Ready for Shipment 
(Lower Right) All-Welded Steel Ladle in Course of Construction 


ventilation. 


attention to 
precautions will prevent the appearance of the varioys 


If this is done these same 


‘theoretical’ hazards which are sometimes alleged 
When one considers the period during which this process 
has been employed, the literally millions of operations jp 
which it is used, and the many thousands of men en. 
gaged, and compares this with the very few cases jy 
which it has been shown to cause ill health, it is evident 
that the oxyacetylene process is not an important cause 
of ill health in industry. 
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Teeming from 190-Ton All-Welded Steel Ladle 


section 3 ft. 3'/, in. high. Even then it was necessary 
to go to special routings in shipping the ladles to the 
Maryland plant. 

At the point of destination the two sections were 


Training Aims at Basic 


Skill 


Soundness of Training Plan in One 

Welding School Is Reflected in Ex- 

traordinary Growth of Enrolments 
Over a Two-Year Period 


By S. J. SLATER 


N MARCH 1938 New England Welding Laboratories, 
Inc., opened in Boston with an initial enrolment of 
eight students. At the close of May 1940 it is filled 

to near capacity, with approximately 450 enrolments. 
The remarkable growth of this institution is undoubtedly 
due to the sound planning and farsighted management 
of Mr. George R. Singleton, who as President and 
Managing Director has guided the school’s activities 
Irom the beginning. Mr. Singleton was for many years 
a commissioned officer in the United States Navy, 
specializing in engineering. After leaving the Naval 
Service and entering civilian life, he was attracted to 
this activity by the conviction that there is a good 
luture in industry for young men properly trained in 
the art and technique of this important branch of metal 
fabrication. 


* A; 
Air Reduction Sales Company, Dorchester, Mass 


Two All-Welded 190-Ton Ladles Ready to Be Stress Relieved in a Car Bottom 
Furnace Large Enough to Accommodate Both Ladles 
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riveted together with a horizontal splice band 22 in. 
wide. Riveting was used instead of welding because no 
heat treating furnaces large enough to handle the ladles 
are available at the Maryland plant. 


The school’s curriculum includes courses in Electric 
Are Welding, Acetylene Welding, Blue Print Reading, 
Drafting and a special course in Aviation Welding. In 
the Welding Courses as applied to steel and cast-iron 
welding and brazing, butt and fillet welds are covered 
in the flat, vertical and overhead positions. The pur- 
pose of the relatively simple appearing scope is to con 
centrate on the operations which are most prevalent in 
application and to avoid distracting attention from the 
fundamentals of proper torch and arc manipulation. It 
is the school’s theory that by acquiring familiarity with 
the behavior of the commonest metals under the influence 
of both the torch and the arc, in the most frequently 
encountered joint types, the student gains a close under 
standing of what is going on during the welding opera 
tion, and that such understanding enables him to broaden 
the extent of his skill without difficulty when his em- 
ployment demands tt. 

In short, the emphasis is placed on the building up of 
a basic skill. Progress is systematically checked by 
having the student weld standard specimens for tensile 
and ductility tests and weld soundness tests 

Individualized training is accomplished by grouping 
students according to aptitude, for both laboratory and 
classroom work, and by limiting each instructor to five 
students in any one period. The more gifted students 
are not held back and the slower ones are not at any dis 
advantage. In the laboratory, only one student is per- 
mitted to work at a gas-welding table or in an arc 
welding booth during each period, giving them the 
maximum use of both time and equipment and pre- 
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Fig. l—An Aisle of Arc-Welding Booths at New England Welding Laboratories. 
The Large Ducts Are 
Part of the Air-Conditioning System Which Changes the Air Completely 


Cables Are Carried Overhead to the Booths for Safety. 


very Three Minutes 


venting them from learning undesirable welding habits 
from one another. Close personal supervision of student 
progress makes the coverage of pertinent subject matter 
and exercises secondary to the development of profi- 
ciency. 

The course in Mechanical Drawing and Blue Print 
Reading is laid out primarily around the requirements 
of industries in metal fabrication, and includes both 
layout and design. The special course in Aviation 
Welding has recently been added to the curriculum. 
This course includes the welding of stainless steel, chrome 
alloys and aluminum and is given strictly in accordance 
with the requirements of the aviation industry. Each 
student must pass the tests set up by the Army, Navy 
and Civil Aeronautic Authority before receiving the 
school's certificate. 

Equipment for welding instruction comprises 32 gas- 
welding stations and 32 arc-welding booths. All of the 
equipment is new and of modern design and represents 
several standard makes. Equipment also includes 
hand-cutting torches, a Radiagraph for instruction in 
machine cutting, an acetylene generator for demonstra- 
tion purposes, a milling machine, steel cutting band saw, 
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Fig. 2—The Gas-Welding Department Is Well Lighted 
and Airy, in Addition to Being Thoroughly Equipped to 
Accommodate Thirty-Two Students Each Period 


Stanley grinders and a complete assortment of small 
tools, jigs, ete. The testing equipment includes an 
Airco Tensile Testing Machine and a guided root bend 
testing machine. Altogether the investment in fixed 
equipment is between $40,000 and $50,000. The school 
is located in the heart of the educational center of Boston 
housed in a modern concrete and steel building, and 
utilizes about 12,500 square feet of floor space. 


Each student making application for enrolment 1s 
accepted on probation and unless aptitude and sincerity 
of purpose are shown he is not allowed to continue his 
course and his money is refunded. The school also re 


funds tuition to any student who is not satisfied and 
expresses his unwillingness to continue the course. 


Students are not guaranteed positions, but the school 
maintains a Placement Bureau and keeps accurate 
records of each student’s qualifications, and assists them 
in every possible way to obtain employment. This 
applies only to those students who have finished the 
course and have passed the generally recognized tests. 
Alumni records to date show that at least 90°) of the 
school’s graduates are employed. 
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Discussion of 


MESSRS. ROOKE, SAACKE, AND 


Kuglers Paper 


Entitled “Oxyacetylene Welding of Carbon- 
Molybdenum Pipe for High Temperature, 
High Pressure Service” 


By ERIC R. SEABLOOM' 


HE authors are to be complimented on their ex- 

cellent presentation of laboratory and field data 

on oxyacetylene welding of carbon-molybdenum 
steel piping. Such technical information is highly desir- 
able and necessary in promoting further application of 
this process of welding to one of the most popular low- 
alloy steels in current use on high temperature steam 
equipment. 

There is one phase in the introductory paragraphs in 
Part I of the authors’ paper that we believe should be 
clarified and concerns the statement that carbon- 
molybdenum steel tends to crack readily when under 
the customary degree of constraint obtained in a multi- 
pass weld. Thus it may be necessary to preheat for sev- 
eral hours and employ as many as forty beads on 1|'/, 
inch thick material. This might lead the engineer who 
is not thoroughly familiar with the characteristics of 
carbon-molybdenum steel to believe that it is not readily 
weldable. We have conducted numerous investigations 
on the welding of molybdenum bearing steels, including 
those with higher carbon contents than the present 
range encountered in tubing and have never found any 
evidence of check cracking, even when no preheat was 
employed. However, we are firm believers in preheating 
of alloy steels and always practice this procedure on 
fabrications. Furthermore, we have never used forty 
heads on 1'/, inch thick pipe. The maximum number 
employed several years ago was twenty-six on this 
thickness of pipe when making vertical fixed position 
welds. More recently the number of passes has been 
somewhat reduced with the improvement in electrodes. 

It might be well to emphasize that carbon-molyb- 
denum steel was introduced several years ago only after 
its properties, including weldability, had been fully ex 
plored by metallurgists and as a result has received wide 
acceptance attested by the fact that A. S. T. M. Specifi 
cations have been issued for both pipe and weldable 
grade castings such as employed for valves and fittings. 
The latest versions of the A. S. M. E. Power Boiler 
Code and the A. S. A. Pressure Piping Code permit the 
use of welded carbon-molybdenum pressure piping with 
much higher stresses than allowed with carbon steel for 
elevated temperatures. 

The outstanding quality of carbon-molybdenum 
steel pipe is its greater creep strength at high operating 
temperatures. In the A. S. M. E. Power Boiler Code, 
maximum allowable working stresses have been adopted 

* Published in August 1940 issue of Toe Wetpinc JouRNAL 


' Research Engineer, Engineering and Research Division 


| Crane Co 
Chicago, Illinois 


for ferrous materials based in the lower temperature 
ranges upon tensile strengths and safety factors, but at 
high temperatures upon creep data. Up to 650° F 
the carbon steels are permitted to be worked at one-fifth 
of their minimum specified tensile strength while one 
fifth of the tensile strength of carbon-molybdenum steel 
is allowed up to 800° F. Above these limits (650° F 
and 800° F.) maximum working stresses are based upon 
80°> of the creep stress, which limits deformation to 
one per cent in 100,000 hours. Working stress values in 
pounds per square inch abstracted from the Boiler Code 
table of stresses for pipe are as follows 


Working Stresses for Pipe 


Temperature F 10 to 650 750 S50) 1000 
Non killed carbon 

steel grade A O40) S1LO0 
Silicon killed carbon 

steel grade B O400 SH00 6800 8800 2000 
Temperature ° F. 10 to 800 950 1000 
Carbon-molybdenum 


A comparison of the stress values shows the advan 
tage which has been gained through the use of carbon 
molybdenum steel in the design of pipe for operations at 
temperatures above 750° F. 

Another advantage that carbon-molybdenum steel 
possesses over other high temperature alloyed 
with such elements as chromium, nickel, vanadium, 
tungsten, etc., is that it displays very moderate air 


ste els 


hardening properties, thus imparting good welding char 
danger of 


acteristics without much cracking. This 


Fig. 1—Optical Dilatometer with Automatic Program Controller 
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Fig. 2—Dilatometer Curves on Carbon, Carbon-Molybdenum and 4-6% 
Chrome, %% Molybdenum Steels 


makes it unnecessary to stress relieve immediately after 
welding. In fact, the latest draft of the A. S. A. Pres- 
sure Piping Code only requires stress relief on '/2 inch 
and heavier sections. 

Most alloy steels that show air hardening tendencies 
generally display suppressed transformations upon cool- 
ing from high temperatures and is the reason why cer- 
tain steels are apt to crack when welded. Dilatometric 
studies of steels reveal some very interesting information 
on this subject. Figure | illustrates the Leitz optical 
dilatometer used in the Crane Research Laboratories 
for the study of heating and cooling effects upon metals, 
and is a very useful tool in determining proper heat 
treatments of all steels. In this instrument the metal 
specimens are heated and cooled in a furnace, which is 
either under a vacuum or a controlled atmosphere so as to 
give freedom from scale and decarburization. The 
expansion and contraction that occurs upon heating 
and cooling are automatically recorded on a photographic 
film through the optical system. 

Figure 2 shows heating and cooling curves on plain 
carbon, carbon-molybdenum and chrome-!/.% 
molybdenum steels. It will be observed that upon 
heating, these steels expand according to a slope of ap- 
proximately a straight line or a smooth curve. Then a 
point is reached at which they contract and continue to 
contract over a considerable range of temperatures. 
Beyond that rare each steel again expands according 
to a slope of nearly a straight line. The temperature 
range in which the above mentioned contraction takes 
place is known as the transformation range. In it, on 
heating, steel changes from its low-temperature (fer- 
ritic) to high-temperature (austenitic) state. 

Upon cooling, a reverse effect is obtained. In the 
case of the plain carbon steel, the transformation from the 
austenitic to ferritic state is well defined at the tem- 
perature range of 1400 to 1150° F. In carbon-molyb- 
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denum steel, the transformation on cooling is not quite 
as well defined as in carbon steel. The major part occyrs 
at about the same temperature range as in the plain 
carbon steel. Part of it, however, is suppressed to abou 
980° F. indicating what is known as the phenomenoy 
of “split transformation.’’ Nevertheless, in both oj 
these steels, major contractions associated with the 
transformation upon cooling occur at temperatures suf. 
ficiently high to give the metal enough plasticity ty 
readjust itself internally, thus relieving most of the 
internal strain and eliminating the potential danger oj 
cracking. Consequently, no difficulty is encountered jp 
welding steels of these two types. 

In the case of 4-6% chrome, !/2% molybdenum steel, 
only a very weak transformation occurs at 1250° F 
The major part is suppressed to about 700-400° F 
The split and suppressed transformations are charac. 
teristic of certain alloy steels and are accounted for by 
their thermal sluggishness. The important thing about 
suppressed transformations is that they occur at tem 
peratures when the metal is no longer plastic, thus 
creating internal strains, which unless properly taken 
care of by suitable techniques may result in cracking 
It will be noted that the presence of internal strain in the 
4-6% chrome, '/:% molybdenum steel is indicated by 
the fact that the specimen did not return to its original 
length, being somewhat shorter than it was before the 
heating-cooling cycle. It is natural to expect that 
steels of this type will show definite tendencies to crack 
during or after welding operations unless suitable pre- 
cautions are taken. When proper procedures of pre- 
heating, welding, stress relieving or heat treatment are 
following, such steels can also be welded without dif. 
ficulty. 

When it was announced that a rod for oxyacetylene 
welding had been developed that met the chemical and 
physical requirements of A. S. T. M. Specification A206 
37T for carbon-molybdenum steel pipe, and also offered 
possibilities in increased rates of deposition compared 
to the electric arc method, we were definitely interested 
Fabricators and valve manufacturers are promoting 
carbon-molybdenum steel to a great extent. In fact, 
some valve manufacturers make it a regular practice to 
furnish valves in three hundred pound and higher pres 
sure classes in carbon-molybdenum steel because it 
makes it possible to gain increased temperature ratings 
for their product. Any welding process which shows 
potentialities in increased speed of deposition and cost 
reduction would naturally be beneficial to industry. 

We, therefore, arranged to conduct tests with this new 
rod and our preliminary investigations were made on 
10°/s inch O.D. X 0.718 inch wall thickness carbon- 
molybdenum steel tubing. The multi-pass backhand 
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Fig. 3—Hardness of Arc Weld in Carbon-Molybdenum Steel Tubing 
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JUNCTION BETWEEN 
FIRST LAYER AND 
PARENT METAL 


UNAFFECTED 
PARENT METAL 


Fig. 4—Composite Representation of Structural Characteristics of Oxyacetylene Weld in Carbon-Molybdenum Steel Tubing. 


method was employed in making the oxyacetylene weld. 
Four continuous circumferential passes were deposited 
in the downhand roll position, using */;. inch diameter 
rod. The welding torch was used for both preheating 
and depositing. The weld was completed in three hours 
time, after which it was stress relieved with the welding 
torch by heating the weld and the adjacent metal to a 
medium cherry red color equivalent to approximately 
1300° F. The welding time was considerably less than 
that required to make a shielded metallic arc weld on the 
same diameter and thickness of pipe. However, the 
number of layers usually deposited in an are weld of 
equivalent thickness is generally six to eight, which ac- 
counts for some difference in time. Nevertheless, the 
removal of the protective slag from each layer of arc 
weld metal is rather time consuming and need not be con- 
tended with in multi-layer gas welding. 

Reduced section, tensile, nick break, free bend, root 
bend, and side bend bars were machined from the welded 
pipe and subjected to the regular test for welds. The 
physical properties of the deposited weld metal exceeded 
those of the A. S. T. M. requirements as failures occurred 
in the parent metals of the tensile specimens. ‘The free, 
back and side bend bars were all bent 180° without 
failure. The free bend bars showed an average outer 
weld fiber elongation of 44%, which exceeds by a good 
margin the minimum requirements of 30% stipulated 
by the latest draft of the Pressure Piping Code. The 
bend tests indicated that the weld metal was ductile and 
thoroughly fused to the side walls and bottom of the 
welding groove. The nick break bars showed fine grain 
weld metal, free from injurious defects. 

Impact tests conducted at room temperature com- 
pare favorably with the authors’ results, the weld and 
heat-affected parent metals averaging forty-three and 
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Photomicrographs X 75. 


Hardness Testing Machine. The hardness values ex 
pressed in Brinell Hardness Numbers coincide with the 
findings of the authors and approximate those obtained 
on stress relieved arc welds, asshown by Fig. 3. 

Metallographic examination of the weld and adjacent 
parent material is illustrated by Fig.4. The macrograph 
shows the weld metal, the coarser heat-affected adjacent 
metal, the heat refined zone and coarser unaffected 
parent metal, the latter being somewhat larger grained 
than the heat-affected zone immediately adjacent to the 
weld. It will be observed that the multilayer method of 
depositing the weld metal produced grain refinement in 
the lower passes, particularly in the first two. The 
photomicrographs illustrate the structures of the original 
material, weld metal and heat-affected zones 

A chemical analysis specimen was prepared in ac- 
cordance with A. S. T. M. Specification A205-37T by 
depositing a pad of three superimposed layers of filler 
metal. The third layer was milled off and discarded, 
after which the millings comprising the second layer 
were analyzed for chemical composition. The analysis 
of the deposited metal, as well as that from several rods 
chosen at random, substantially compares with the 
authors’ findings and corresponds to that required by 
A. S. T. M. Specification A206-37T for carbon-molyb- 
denum alloy steel pipe. 

We are now conducting additional tests on 
molybdenum oxyacetylene welds in an endeavor to sub 
stantiate further these favorable indications. There is a 


distinct trend toward the elimination of mechanica 
joints in piping installations, particularly for high tem 
peratures where carbon-molybdenum steel is used 
Fusion welding is the most logical solution to the ob 


jections that these joints present, as it elimi 
bulk, difficulties in stressing bolts, and joint 


one-half foot-pounds, Charpy. to gaskets and creep of bolting. It is very encouraging to 
A rectangular strip was milled from the pipe through fabricators and erectors of piping that an additional 

the weld. This was machined, polished and etched, process has been made available for welding of carbor 

alter which it was explored for hardness on the Vickers molybdenum steel. 
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SHIPBUILDING 


ON A 


By A. J. GRASSICK' 


BOUT 112 miles east of New Orleans is one of the 
A most unusual shipbuilding plants in existence, that 
of the Ingalls Shipbuilding Corp. at Pascagoula, 
Miss., occupying some 46 acres with 3000 feet of water- 
front. Here the time-honored method of assembly by 
riveting has been abandoned entirely and all joints are arc 
welded. 


* Reprinted from July 8, 1940 issue of “‘Steel."’ Cuts loaned through their 
courtesy 


+ General Manager Ingalls Shipbuilding Corp., Pascagoula, Miss 


The EXCHEQUER, First of Eight All-Welded C-3 Vessels Being Built at 
Pascagoula, Is Launched dune 8th. Its Length Is 492 Feet, Breadth 
69 Feet, Draft 28 Feet, Displacement 17,600 Tons. This Is Bow View at 
Launching 
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Production Basis 


The shipyard has been designed primarily and essen 
tially as an erection plant, depending to the fullest 
extent on the extensive fabricating facilities of the 
Ingalls Iron Works Co. at Birmingham, of which the 
Ingalls Shipbuilding Corp. is a wholly owned subsidiary 

In making all-welded ships at Pascagoula, existing 
facilities and organizations familiar with the fabrica- 
tion of steel and installation of marine piping, electrical 
equipment, ventilation, joiner work, etc., have been 
used as far as possible. Another primary objective was 
to keep capital investment to a minimum. 

The shipyard is intended for the exclusive building of 
all-welded ships. This necessitated in many instances 
special types of tools, equipment, platen handling facili- 
ties, crane capacities, etc. The site was acquired in 1938 
and the company’s barge-building equipment at Mobile 
moved to it in January 1939. During the early part of 
that year, some 20 hulls were built and launched. The 
success of the planning of the complete plant is evidenced 
by the rapid and orderly progress being made on the 
fabrication and erection of eight single-screw C-3 cargo 
ships now being completed for the Maritime commission. 

One of the first buildings to be erected when the plant 
was begun early in 1939 was the mold loft, a two-story 
structure, the ground floor of which has ample space for 
plate and shape storage and also a series of tables for the 
laying-out department. This space is served by a 15-ton 
bridge crane. 

At right angles to the mold loft building and attached 
directly to it is the plate and angle shop. This is served 
by overhead cranes and a standard-gage gasoline loco- 
motive. It houses an assembly platen 150 feet long 
and 35 feet wide and contains the heavy machine-tool 
equipment located for proper sequence of operation. 
The tools consist of a trim shear, gate shear, 30-foot 
plate rolls and an angle shear. There is no punching 
equipment whatever. Tables for oxyacetylene shape 
cutting are quite extensive, as plate edge preparation 
for welding is an important factor in this work. Most 
plate edges are beveled. 

A furnace and forge shop, 100 x 100 feet, built paral- 
lel and connecting with the mold loft at a right angle 
to the fabricating shop provides for a most compact and 
satisfactory arrangement of furnace blocks with an 
area 50 x 50 feet. Furnace equipment consists of 
50-foot oil-fired angle furnace and a 35 x 10-foot plate 
furnace. Located at one side of the furnace blocks is 
a 500-ton hydraulically operated keel bender, capable 
of handling plates up to 25 feet in length. The furnace 
area is served by an electrically operated bridge crane, 
also is equipped with air and electrically operated 
winches and hydraulically operated bulldozers to facili- 
tate the working of heavy materials at this location. 
All machines throughout these shops are served by jib 
cranes equipped with electric hoists capable of handling 
loads up to and including 5 tons. 

A nearby building houses a 100-kilowatt converter 
and an electrically driven 500-cubic feet per minute 
compressor, delivering air at 100 pounds per square 
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‘och. The head of No. 3 ways houses two air com- 
pressors rated 850 cubic feet per minute to give a 
total capacity of 2200 cubic feet per minute available for 
the plant. Power at 2300 volts is transmitted to prin- 
cipal substations where it is reduced to 440 volts. Ca- 
pacitors are used to give an average power factor of 95 
per cent, insuring good economy. . 

At the end of the fabricating shop and running parallel 
to the mold loft is a finished material crane runway some 
625 feet long and 77 feet wide. This provides storage 
for fabricated material received from the shops in Bir- 
mingham. An assembly platen, 72 x 72 feet, at the top 
end of this runway provides for the assembly of units 
weighing up to 18 tons. Entire area is served by two 
bridge cranes of 15- and 10-ton capacities, respectively. 
Heavy tool equipment in this area consists of a shape 
squeezer used for the cambering of beams, etc., and a 
plate joggler. 

The original design of the shipyard contemplated 
five building ways. Ways Nos. | and 2 were completed 
Iuly 1, 1939, and are of reinforced concrete construction 
built in a series of horizontal steps to a declivity of °/s 
inch per foot. Building No. 3 of the same design was 
completed August 1, 1939; No. 4, August 15, 1939. 
No. 5 has been projected and designed for future re- 
quirements. There is ample space along the remaining 
broad waterfront of some 2000 feet for additional ways. 

Outboard launching ways were carried overboard 
to a depth of 8 feet at mean low water by construction 
of a steel cofferdam of interlocking piling. The entire 
river in the general vicinity of the launching ways has 
been dredged to a depth of 30 feet mean low water, ample 
for launching operations. 

Building ways are served by three gantry cranes, 
each with a lifting capacity of 35 tons at a radius of 57 
feet and towering nearly 200 feet in the air. (See ac- 
companying illustrations.) When operated in tandem 
with an equalizing bar provided for the purpose, they 
are capable of handling weights up to and including 75 
tons, such lifts being essential to the speedy and eco- 
nomical building of welded ships where comparatively 
large subassemblies must be lifted into place. 

The three cranes are identical, are of the revolving 
type carried on a structural tower 65'/. feet from track 
rail to roller path. Each tower is carried on four trucks 
of special design, two of which are power trucks, gear 
connected to 15-horsepower propelling motors and with 
automatic electrically operated brakes. Each tower is 
of the portal type, permitting passage of standard rail- 
road equipment and locomotive cranes on railroad tracks 
on the center line of the gantry tracks. At the base, the 
gantry track is 20 feet from center to center of rails. 
The truck base is 30 feet. The crane boom is 110 feet 
long with load line at 85 feet and the whip line at 110 feet. 
The 7-part load-line capacity for the crane at 57-foot 
radius is 35 tons and 13 tons at 95-foot radius while the 
2-part whip line hasa capacity of 6 tons at 35- to 100-foot 
radius. 

Within the radius of these cranes are four large flat 
assembly platens with a total area of approximately 
23,000 square feet, thus providing ideal conditions for 
assembly of weldments of maximum size. 

Standard-gage railroad tracks passing beneath the 
gantry cranes and running the full length of each building 
slip make it possible to spot car shipments of fabricated 
steel, machinery and other material at any point desired. 
Chis permits material to be unloaded directly from car to 
ship, thereby saving expensive rehandling. This ar- 
Upper, a C-3 Cargo Vessel Begins to Take Shape. Note Sub-Assemblies 


on Near End of Building Ways. Lower, Erection Proceeds at Fast Pace. 
Part of Second Deck Plating Already Is in Place Here 
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rangement also allows the use of locomotive cranes, of 
which there are four for erecting and handling much of 
the material, thus definitely augmenting gantry-crane 
service. 

Ample warehouse space is provided in a building 370 
feet long and 45 feet wide with a mezzanine floor for 
storage of light material and a monorail for rapid han- 
dling of parts. 

The building for the ship carpenter shop is 180 feet 
long and 50 feet wide and is equipped with surface plan- 
ers, electric saws, heavy type band saw, jointer, grinders, 
drills, etc. 

Machine shop, sheet metal shop and pipe shop oc- 
cupy a building 212 feet long and 50 feet wide near 
the building ways and fitting-out docks. The paint de- 
partment is in a nearby building, 70 x 30 feet. 

The importance of proper facilities for rapid handling 
of materials at the fitting-out dock was recognized and is 
taken care of by a 50-ton stiff-legged derrick electrically 
operated and erected on a platform 65 feet above mean 
low water. The working radius will allow material to be 
placed on board in locations forward and aft of the mid- 
ship deckhouse structure. Heavy lifts having been 
completed, vessels may be moved along the dock where 
they will be served by two 10-ton electrically operated 
derricks. 


FABRICATING PROCEDURE 


The design of the fabricating shop and its heavy ma- 
chine-tool equipment having been predicated on using 
the existing facilities of the Birmingham shops to the full- 
est extent, approximately SO per cent of all mold-loft 
templets are shipped to Birmingham. Major portion 
of the work required to be furnaced, both plate and shape, 
and all plating requiring flanging, knuckling and rolling 
is done at Pascagoula where equipment has been in- 
stalled for those purposes. 

Successful, economical and rapid building of welded 
vessels requires that the entire structure be divided into 
subassemblies or weldments as large as existing crane 
facilities can handle. Practically all structural material 
with the possible exception of certain curved shell 
plating and framing finds its way into weldments pass- 
ing over the assembly platens. The speed with which a 
welded ship can be erected depends largely upon the 
capacity of the platens. The six large plate-assembly 
platens here have a total area of approximately 34,000 
square feet, ample space for these important operations. 

In assembly of structural work on these platens, the 
use of liner-offs has been renewed. The lining-off on 
welded ships is made necessary because the mold loft 
produces no templets whatever for flat plating but in- 


stead issues a tabulation of plate sizes. All plating js 
received finished to exact size and entirely devoid of 
all datum lines. Platens are lined off for each assembly 
by liner-offs and the plating is assembled accordingly, ~ 

Inner bottom weldments consisting of assemblies mad, 
of inner bottom plating, vertical keel, floors, pipe tun 
nels and intercostals are assembled in an upside-down 
position, thus providing a maximum amount of down. 
hand welding. Such sections weigh up to 35 tons. 
All heating coils are installed prior to erection on the 
ship. All other weldments such as bulkheads, shaf; 
alleys, side shell plating and decks are assembled with 
stiffener, beam and frame side up and completely welded 
manually while in this position. 

Manual welding of subassemblies on the platens has 
the desirable advantage of permitting the joining of 
beam stiffeners and frames to proceed immediately 
after the plating has been assembled, thus making pos 
sible the continuous assembly of weldments without 
interruption. 

Unionmelt automatic welding is applied extensively 
for all finish welding of seams and butts on all flat sur- 
faces. Where possible this welding is completed on the 
ground prior to erection. However, where this is not 
convenient, the welding is completed after erection or 
the ship. On this page is a portable Unionmelt welding 
machine finish welding a flat seam. This process gives 
a smooth uniform weld of good appearance and of un 
questionable quality. 

As prefabrication of assemblies reaches a point wher 
a sufficient amount of material has accumulated, flat 
keels together with entire bottom shell plating are laid 
Laying of the flat keel is immediately followed by erectio: 
of the entire flat portion of the bottom shell together 
with approximately SO rolled plates. The regulating 
completed, this entire group of SO plates is welded, prior 
to erection of inner-bottom assemblies, using the Union 
melt process. The erection of all inner-bottom weld 
ments from the fore-peak to the after-peak bulkheads 
follows in rapid order to form a definite foundation for the 
remainder of the vessel. 

Before the erection of an all-welded ship can be con 
sidered successful, it must have been erected at least as 
quickly as a riveted structure and, in view of the hug: 
amount of ground assembly, should actually be erected 
in a somewhat shorter period of time. To accomplish 
this without the advantage of any erection holes what 
ever requires a great deal of preliminary planning as all 
conditions that might result in possible delays must be 
anticipated. That this is entirely possible is evidenced 
by the speed at which these vessels have been erected 
Time for erecting principal steel work on a C-3 cargo 
ship is about the same as conventional methods would 
dictate. 
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General View of Building Ways from Land Side Showing Structural Erection and General Platen Assembly Area 
s 


Comparatively Large 


ubassemblies Are Put Together on the Big Platens Where a Total Area of Approximately 23,000 Square Feet Is Available for This Work 


Erection of the structure above the inner bottom is 
believed to be somewhat new and novel and certainly 
differs radically from accepted practice. As all of the 
lower side framing terminates at the inner-bottom mar- 
gin plate and the underside of the third deck, thereby 
providing no means whatever of attachment to either 
of these structures, it was decided to erect on the in- 
ner bottom a substantial structure of shores and rib 
bands, carried up to the level of the third deck. The 
transverse and longitudinal bulkheads between the 
inner bottom and third deck having been erected, the 
deck assemblies next are placed in position on the shor- 
ing, thus automatically providing a means of attach- 
ment for the ground assemblies of the side-shell plating 
and framing. 

While the inner-bottom plating amidship forms a 
natural support for the above-described system of shor- 
ing, difficulties were experienced at first toward the 
ends of the ship due to the rapid decrease in width of 
the inner bottom and the rapidly increasing flare of the 
side framing. Now, however, the outboard line of shor- 
ing is carried clear of the inner bottom and down to the 
concrete slab of the slipway itself, thus providing ade- 


Automatic Welding of Seams Is Done Rapidly 

Using Portable Unionmelt Equipment Pictured 

at Extreme Left. Immediately at the Left Are 
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quate support for the widely over-hanging deck. This 
procedure is followed for each successive deck. 

Shoring and erecting of materials for the extreme ends 
of the ship require special treatment. The elimination 
of the third deck at No. 5 cargo hold creates an extremely 
deep hole. A ground assembly of all-flanged plate 
girders, forming the cargo hatch of the second deck level, 
is made in a complete assembly and erected as a single 
unit on the shoring provided for that purpose, thus en 
abling the erection of all framing and beams without 
difficulty. 

In connection with their assembly, it was found help- 
ful to introduce the almost forgotten steel hairpin, with 
which a sort of cradle is formed, thus supporting the 
upper ends of the frames, and to which the framing is 
tack welded in place. 

In keeping with accepted practice, the cruiser stern is 
made the subject of a ground assembly with all mem- 
bers completely welded prior to its erection. 

Exterior staging supports are entirely of steel con 
struction, each upright constructed to form a ladder. 
These uprights require a minimum of space and reduce 
the fire hazard materially. The building of all-welded 
ships permits the entire system of staging to be con- 
siderably simplified due to the absence of heavy crafts 
such as reaming, bolting and riveting 

Single-operator direct-current welding machines pre 
dominate and are divided between 400- and 300-ampere 
units. 

Unionmelt welding equipment consists of two machines 
of 1200-ampere capacity using a V-type welding head 
propelled on a traction carriage mounted on 6-foot 
lengths of track. Table 1 shows the speed, amperage 
and voltage employed for various thicknesses of deck 
plating. 

A 500-ampere, constant-current multiple-operator 
welding machine is provided for tack-welding operations 
in connection with assembly of work on the platens. 

The entire absence of reaming, riveting and other 
noise-producing equipment results in a practically noise 
less shipyard where it is possible to carry on a conversa- 
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tion without difficulty. The only exception is a rela- 
tively small number of chipping hammers found desirable 
for certain work. 

During the construction period, the welded ship is 


Table 1—Unionmelt Welding Data 


Plate Speed, 
Thickness, Inches 

Inch per Minute Amperes Volts 
1/s 9 900 32 
11 850 31 
i/, 15 750 28 
7/16 13 300 28 

Square 

Butt 
3/s 22 900 32 


Arc Welded Construc- 

tion Used Exclusively 

for New Le Tourneau 
Plant 


By J. R. MORRILL* 


ing by the electric are process is the $3,000,000 


ER significant advance for structural weld- 
project of R. G. Le Tourneau, Inc., world’s leading 


* The Lincoln Electric Co., 12818 Coit Road, Cleveland, Ohio 


Stern View of Four C-3 Vessels under Construction as Seen from the River. 
to Handle Subassemblies Weighing up to 75 Tons 


Note Towering Gantry Cranes, Big Enough 


almost entirely free from debris due to elimination oj 
bolts, nuts, washers, rivets, coal ashes, etc. Whi 
this results in only a small reduction in cost, one cop. 
siders the savings made possible by eliminating the cos 
of these bolts as well as handling, reclaiming and invest 
ment in the reclaiming plant itself, the savings over a 
period of time are considerable. 

Small hand tools are of interest. Each structural 
worker is supplied with a small steel tool box containing a 
lightweight maul, hand hammer, steel heel wedges, pinch 
bar and push-and-pull jacks. 

The eight C-3 welded cargo ships of 8500 gross tons 
each now being constructed in this yard represent over 
$20,000,000 worth of work. This is the first time in this 
country that a large shipyard had been built exclusively 
for the building of welded ships. The new yard is 
modern in every respect and represents a distinctly pro 
gressive step in shipbuilding methods. 


Fig. 1—Exterior View of Factory Building 


Fig. 2—Exterior View of Warehouse 92 Feet Square 


Fig. 3—Close View of Hotel from Front Showing Entrance 
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manufacturer of large earth moving equipment, at 
Toccoa, Ge gia. 

[he Toccoa project, comprising 5000 acres of land, 
adding 160,000 square feet of manufacturing space to the 
company’s facilities, and permitting a 30% increase in 
production, could not have been erected to its particular 
design save by arc welding. 

[he entire project, involving 5500 tons of steel, con 
sists of the following structures all of which are built 
exclusively of arc-welded steel; a manufacturing build 
ing 370 ft. x 370 ft. x 23 ft. high (see Fig. 1); office build 
ing 160 ft. long x 115 ft. wide x 11'/2 ft. high (see Fig. 5); 
a warehouse 92 x 92 ft. (see Fig. 2); an airplane hangar 
also 92 x 92 ft.; a hotel consisting of a center dome 
structure 100 ft. in diameter and seven wings extending 
from the dome in fan shape, each 32 ft. wide x 125 ft 
long (see Fig. 3); two dormitories containing nine rooms 
each average 11 ft. 6 in. x 15 ft. 4in.; 40 employees resi- 
dences (see Fig. 4). 

When completed the project will include, in addition 
to the above: a cattle barn 115 ft. long x 46 ft. wide; 
a milk cow barn accommodating 50 cattle; a pasteuriz- 
ing building; a canning building; several silos; em- 
ployees recreation hall; a 200 ft. tabernacle; a 250 watt 
radio station; cafeteria; stores; additional houses (60 
planned); and other miscellaneous structures. 

The arc-welded development which permitted the 
unique construction employed in all buildings and which 
was created by Le Tourneau, is a fabricated steel panel 
forming the main structural element utilized in walls and 
roofs of all structures. 

rhis are-welded steel panel is 46 inches wide x 92 
inches long fabricated of 12 gauge open-hearth structural 
steel sheets. These sheets are stamped under 600 tons 
pressure into a sunken panel design, the edges being 
turned down 1 inch all around during the stamping 
operation. Two of these sheets, with the turned edges 
toward each other, are welded together with interior 
spacers set at intervals of not more than 24 inches to 
form a box-like unit. Maximum strength and rigidity 
are provided by pressed steel braces welded into a lattice 
web pattern all around the edges. Under test, one of 
these units withstands a weight of 100 Ib. per square foot 
without any deformation. Approximately 8 minutes is 
required to set up, weld and remove from the jig one 
panel. 


Fig. 4—Fabricated Steel Employees Residence 


Fig. 5—Exterior View of Office Building During Early Stages of Construc- 
tion 
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ARC WELDED PLANT 


Fig. 6—Field Erection of Welded Steel Structural! Panels 


In field erection (see Fig. 6), the two turned edges of 
each panel provide a surface for welding it to an adjoin 
ing panel to form walls, partitions, floors or ceilings 
Into each section rock wool is forced by air to a density 


.of 10 Ib. per cubic foot. 


These panel sections are 6 inches thick for house con 
struction and IS inches thick in factory and other 
structures 

In construction of houses and smaller structures these 
panels are erected individually. However, in the factory 
building there was sufficient area of concrete floor to 
allow assembly of panel sections 25 ft. square and com- 
plete welding of each section in flat position before erec- 
tion. These sections were then hoisted in place and 
welded. 

Standard procedure followed in construction is to 
place light-weight I beams in concrete, locate the side 
and partition panels one high, tack them to I beams and 
to each other. Roof panels are mounted individually 
and tack welded to side wall portion, to side walls, to 
partition walls and to each other. This is accomplished 
by the erection crew. Welders follow up and finish-weld 
all seams continuous. Fillet welds are used at junction 
of panels to I beams and for connection of roof to side 
walls. Welds connecting panels are butt 

An interesting feature of the Le Tourneau panel con 
struction is the fact that it provides self-supporting 
roofs. In the main factory building there is a complete 
absence of roof trusses and the only support is provided 
by columns consisting of 1S-inch diameter extra heavy 
tubing on 46 ft. centers. Another interesting feature is 
the fact that the columns house electric power lines as 
well as lines for Os, acetylene and air 

Machine tools valued at $728,000 are installed in the 
factory. These consist of: 2 bending rolls, 2 hydraulic 
presses, 2 bending brakes, 2 power shears, | drop hammer, 

{ shapers, 60 lathes of Le Tourneau design, 7 gear cut 
ters, 4 milling machines, 8 drill presses, 6 hack saws, 5 
punch presses, 1 vertical broach, 2 turret lathes, 4 bar 
machines, 2 case boring machines, S engine lathes, | 
external and 1 internal grinder, 2 boring machines, 4 
radial drills, 4 tool grinders and | bar and angle roll 
Facilities also include: 3 electric furnaces, 5 oil fired 
furnaces, 1 camograph torch cutting machine, 60 arc 
welding generators, | oxygen plant and | acetylene plant 

The large hotel, having a huge round lobby 100 ft. in 
diameter and containing seating capacity for SOO people 
is the main structure. 
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TRAINING WELDING OPERATORS 


By A. P. HALLER’ 


NE problem confronting the welding industry to- 
day is the lack of competently trained welding 
operators. All branches of the welding art have 

made such phenomenal strides in recent years in the 
way of new processes, new procedures, new techniques 
and new equipment, that welding developments have far 
outstripped the available man-power for doing the work. 
Even for run-of-the-mill operations there is an insufficient 
number of capable operators. 

A textile mill can save thousands of dollars a year by 
using welding in its maintenance work, if it can be assured 
that operators can be obtained who can handle the blow- 
pipe. 
tural steel welding, and there is a constantly increasing 
demand for skilled operators for this work. The ship- 
building industry is each day requiring more and more 
men for its welding operations. Specifications for a 
power plant call for a welded high-pressure piping system. 
Here again, men are in demand who can qualify to meet 
piping codes as well as insurance company codes. Yet in 
New York City only 300 of the 5200 members of a plumb- 
ers’ trade organization are capable of doing a welding 
job. Less than 20 per cent of the steam fitters, and 20 
per cent of the structural steel workers know anything 
about welding. Less than half of the sheet metal work- 
ers have been trained in welding. 

Here, then, is perhaps the greatest opportunity of the 
welding industry. Fortunately, the problem is being at- 
tacked. For today the demand for trained operators is 
being increasingly met by hundreds of welding schools all 
over the country. The purpose of this paper is to de- 
scribe the operations of one of these schools, and to show 
how men are being trained to meet the requirements of 
the welding industry. 


INDIVIDUAL INSTRUCTIONS FOR SPECIFIC WORK 


The two most important factors in the successful opera- 
tion of a welding school are: (1) individualized instruc- 
tion, and (2) training the man for a specific job. 

A welding school differs from the average trade school 
or business college in that the men must receive individual 
instruction. Group teaching or classroom teaching are 
out of the question if good results are to be expected. 
Each student must be assigned to a welding outfit, and 
his work should be constantly supervised if he is to learn 
the trade in a fair amount of time. 

Students can be classified in two general groups. The 
first consists of the novice, the unemployed, or the man 
working in some unskilled line. This type of student 
seeks to learn welding as a trade so that he can improve 
his own station in life. He requires a fundamental course 
in theory and practice for both oxyacetylene welding and 
electric are welding. On leaving school, he usually be- 
comes employed at some production welding operation, 
that is, at work where he is required to perform only one 
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Building codes in many cities now permit struc-* 


tor Industry 


or two simple and repetitive welding operations. As he 
becomes skilled in the use of the blowpipe, he later cay 
take a more advanced course in welding, or he can 
broaden his own experience by reading the welding litera- 
ture and by practicing on different metals so as to obtain 
work of a more diversified nature. 

The second class of students consists of mechanics who 
are at present engaged in a trade and who want to learn 
about welding as applied to their particular work. [pn 
this group are the plumbers, steam fitters, structural 
steel workers, sheet metal workers, maintenance men 
automobile mechanics and others in trades where weld 
ing is becoming an important tool and is replacing many 
former methods of fabrication. With these men it is 
necessary to teach them only those welding operations 
which they will use in their trade. The sheet metal 
worker, for instance, is not interested in how to weld 
heavy pipe, while, similarly, the plumber is not interested 
in sheet metal welding. However, it is important that 
they be taught all welding operations which they will be 
likely to run up against in their trade. No welding 
school can be successful which merely teaches welding 
fundamentals and then expects the student on leaving 
school to pick up specific operations as best he can. 

A man with welding experienc ein atrade using welding 
as a tool is a more valuable man to his employer. Weld 
ing knowledge leads to steadier employment, which in 
turn leads to advancement and the economic betterment 
of the individual. Industry lays down certain require- 
ments for welding. The successful welding school sees 
to it that men are trained to meet these requirements. 


BUILDING A REPUTATION 


For a school to operate profitably, it must, of course, 
have students. But the school which operates on the 
basis of individualized instruction for specific work, and 
at a fair price, will have no trouble in obtaining students 

A school which makes a reputation for honesty and 
service soon becomes known to industry. Many com- 
panies planning to install a welding outfit, first send one 
or more of their employees to take the welding course 
Usually the company pays all or the greater part of the 
fee for the course. Trade organizations, such as the 
plumbers and steam fitters also soon hear of the school, 
and send their members to learn welding as applied to 
their trade. 

A successful school also must advertise. Newspaper 
advertising is usually the most profitable, if handled by 
an advertising agency familiar with school problems. 
We have found that advertisements inserted in the in 
struction columns of the want-ad pages of the local 
newspapers bring results. These advertisements invite 
the reader to send for a booklet describing the school and 
outlining the courses. When a prospective student ar 
rives, he is not high-pressured into taking the course 
He is first shown about the shop and watches the other 
students at work. Seeing the men at work convinces 
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him much easier than volumes of words spoken in the 
office 

A word should be said here about another factor which 
important in building school reputation. There are 
ertain types of men, who will never make good as weld- 
operators, no matter how long they study, and it is 
iighly desirable to discourage these men as soon as it is 
obvious that welding was not meant for them. In our 
school, each student is given an aptitude test after a few 
hours of work, and many a time we have refunded the 
full price for the course, rather than let the man spend 
his own good time and money trying to learn something 
which he will never find productive. 

There should be two types of courses given at a welding 
school. These are known as the primary course and the 
advanced course. The primary course is for the beginner 
and covers, as far as metals worked on is concerned, mild 
steel and cast iron. The student can take either oxy- 
acetylene welding, or electric arc welding, although the 
creater majority of students take a combination course 
covering both processes. The purpose of this course is 
to give the man a solid background of the simpler welding 
jobs so that he can obtain work as a welding operator on 
leaving school. 

In the primary course, the student is first taught the 
theory behind the operation of blowpipes and regulators 
and are welding equipment. Then he is taught how to 
light the blowpipe and how to adjust the flame. Next he 
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Fig. 1—This General View of the Shop Shows Part of the Layout for 
Handling Students in Oxyacetylene Welding 


Fig. 3—This Beginner in the Primary Course Is Practicing Making Fillet 
e 
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TRAINING WELDING OPERATORS 


starts on light-gauge sheet metal, making butt welds, lap 
welds and fillet welds. After he has become fairly pro 
ficient at sheet metal welding, he is put on pipe, making 
rolling welds and position welds. He learns how to lay 
out pipe joints, and how to handle the cutting blowpipe 
on plate and pipe. He is also taught cast-iron welding 
and bronze-welding. During the course, he is shown 
how to operate cutting machines 

For every hour of actual practice with the blowpipe, 
the student receives additional time on theory and dem- 
onstration work. Subjects such as expansion and con- 
traction, preheating and cooling, principles of jigs and fix 
tures, how to make templets, and how to set up a job 
are covered at these sessions. For a text, students use 
handbooks published by manufacturers of welding equip 
ment. Also, they are encouraged to read current weld 
ing literature such as the welding trade papers 

As already mentioned, specialized instruction is given 
students, who are learning welding as part of their trade 
Plumbers and steam fitters, for instance, spend most of 
their time on pipe welding and the layout and beveling of 
pipe joints. 


ADVANCED COURSES FOR EXPERIENCED OPERATORS 


Advanced courses are for students who have had previ 
ous welding experience and who wish to broaden their 
knowledge. Usually they want to specialize in a par 


Fig. 2—The First Exercise Covers the Theory Behind the Operation of 
Blowpipes and Regulators 
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Fig. 4—Close Supervision Is Important as the Student Practices Position 
elds in Pipe 


Se 


649 


F 
| 
| 
> 
: 
4 
he 
an 
‘a- 
in 
he ) 
rm 
In 
-a] ‘ 
ai > 
d 
iS 
al 
ld 
/ 
at 
be 
ad 
of 
Be 


Fig. 5—Most Students Take the Combination Course in Oxyacetylene 
Welding and Arc Welding 


Fig. 7—The Multitude of Welding Applications in Industry Are Brought 
to the Attention of Students by Means of Hundreds of Pictures Displayed 
on the Walls of the Shop 


ticular process or application, such as stainless steel 
welding aluminum welding, hard-facing, alloy steel 
welding and flame-hardening. 

Another type of advanced course is that dealing with a 
specific operation. An example would be the mainte- 
nance of typewriter parts. Here, the men are usually 
employed as welding operators, and are sent by their 
companies for further training. They bring with them 
the parts on which they wish to work. 


SCHOOL ORGANIZATION AND MANAGEMENT 


The school consists of an office, shop, library containing 
welding literature, demonstration room and locker room. 
There are also storerooms for pipe, plate, welding rods 
and supplies, and oxygen and acetylene cylinders. 

The primary course for the beginner is for a definite 
number of hours at a specified price. The student who is 
learning welding to use in his trade and the advanced 
pupil pay by the hour, the cost being figured on the oxy- 
gen, acetylene, generator time and materials consumed. 
Students can work in the shop any time during the day 
between nine o’clock in the morning and nine o’clock at 
night. Usually those who are unemployed will work as 
much as five or six hours a day, while those who are em- 
ployed generally average two hours a night for three 
nights a week. 
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Fig. 6A Thorough Understanding of Machine-Cutting Techniques Is 
Required of Students in the Course Covering the Oxyacetylene Process 


Fig. 8—Each Student's Progress Is Recorded on a Card at the End of Each 
Session and Kept in This File 


This plan works to the advantage of both the student 
and the school. The student can attend at any time to 
suit his own convenience and spend as much time at any 
one session as he likes. The school benefits because it 
can handle more students with a given amount of equip- 
ment. Since our enrollment averages about 300 stu- 
dents, it would be impossible to handle them all if they all 
came in the evening, for instance. Thus, our equipment 
is kept busy constantly during the 12-hr. day. 

Each student has a report card which is filled in by the 
instructor after each session of work. The student is 
graded by the instructor for the work performed that day 
By grading each exercise in this manaer, the instructor 
knows at a glance whether the student is ready to go on 
to the next exercise the next time he comes to school. 

Teaching is handled by instructors licensed by the 
State of New York. They constantly supervise the work 
of the student and are anxious to see that the student gets 
ahead as rapidly as possible. Still, no student is allowed 
to proceed to the next exercise until he has thoroughly 
mastered the last, and he is not judged as having com- 
pleted his course until in the opinion of the instructor, he 
is capable of performing a creditable welding job. 

In conclusion, it can be said that progress in the weld- 
ing industry depends to a large extent on the help which 
the welding school gives in training capable welding 
operators. 
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INSTRUMENTATION ot ARC WELDING 


By ROBERT E. KINKEAD* 


welding is to study the behavior of the man, not 

the machine. This is in contrast to the instru- 
mentation of an automatic process like unionmelt, or in 
modern spot welding of aluminum and stainless steel in 
which the instruments are used to tell what the process 
is doing, and the man is only a factor in so far as he sets 
the instruments according to a table. Since more than 
95 per cent of all arc welding is carried out by manual 
operation, the problem of studying operator behavior is 
a serious one. The welding machine and the welding 
rods have operating characteristics which are built into 
them, and they are invariable. The operator, on the 
other hand, has a behavior pattern which is the most 
variable of any factor involved in the production of 
welded construction. 

While we are concerned in many cases with variation 
in the quality of the man’s work, steady improvement of 
the welding machines and the welding rods has given a 
fair degree of uniformity of the quality of welding. The 
problem of instrumentation of manual arc welding is 
mainly one of studying operator behavior with the end in 
view of getting more production and at the same time 
improving quality. Improvement of quality of work due 
to instrument checking is well known and applies to 
welding as well as any other production operation. The 
old idea of getting production by setting piece-work rates 
and paying a bonus for all production over a minimum is 
not as satisfactory as it might be. Under these circum- 
stances it frequently happens that the rate is set too high 
because insufficient information is available as to what 
can be accomplished. The operators then start earning 
large bonuses, necessitating resetting the rate two or 
three times within a year and disturbing labor relations 
thereby to a punishing degree. A man with a stop watch 
and usual time-study methods, but without a background 
of welding knowledge, can get management into a great 
deal of trouble in a very short length of time. It has 
happened many times within the personal experience of 
the writer, although it is only fair to state that one of the 
highly developed systems for paying bonuses has been 
applied successfully to manual arc-welding practice. It 
is the author’s belief that the knowledge of what can be 
accomplished in terms of increased production should be 
more widespread among employers of manual arc-welding 
operators, and that this knowledge can be obtained more 
accurately and for less cost by instrumentation and by 
study of the employer’s own problems than by any more 
or less fixed system. Nothing succeeds like increased 
knowledge on the part of large numbers of people. 

It is only necessary to mention briefly some of the 
things that have been found to affect operator production 
to reach the conclusion that some means of measuring the 
effect of these variables has been needed. For instance, 
an operator working in a closely confined space will de- 
posit, on the average, from 30 to 35 per cent less metal 
per work hour than he will in an open space. Speed of 


a purpose of instrumentation in manual arc 
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Fig. 1—Front and Back of Panel Views of Instrument for Checking 
ime Operator Has Arc in Normal Operation 
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Fig. 2—Front and Front Door Open Views of Instrument for Recording Both Normal and Abnormal Time of Arc Operation 


production is, of course, reduced in many cases as much 
as SO per cent by changing from the straight down posi- 
tion of welding to vertical or overhead welding. The 
length of the welding rod in relation to the current being 
used for a given size will change the operator’s production 
as much as 20 per cent. A hot holder or a shield which 
does not give proper ventilation may change an opera- 
tor’s production by as much as 25 per cent in an 8-hour 
period. Improper body protection, including gloves, 
may produce nervous fatigue during the first four hours 
of a shift which will pull the operator’s production down 
by as much as 30 per cent during the second four hours 
of the period. Poor fitting up of the work with the con- 
sequent difficulties in getting the initial beads welded in 
will use up the operator’s energy at an extremely high 
rate and pull his production down to very low levels, 
purely aside from the loss due to the extra weld metal 
required by poor fit-up. Lack of incentive to get high 
production is, of course, a dominating factor. So far as 
my observation goes, the manual welding operator is 
actuated by the same incentives as the president, the 
general manager or any other official of a company. 
He will do a comfortable day’s work, and it will be a very 
comfortable one, unless there is some incentive to do a 
good day’s work. But in providing an incentive to do a 
good day’s work, safety lies in the direction of dealing 
with measurable factors rather than blunderbuss meth- 
ods which lead to dissatisfaction on the part of the 
operator as well as the management. 

Readily observable variations in production from shop 
to shop of as much as 300 per cent may be found. What 
this wide variation means is that one operator in a cer- 
tain shop is getting as much work done as three operators 
in another shop and he may not be working any harder 
to do it. It seems that this is a far more important 
factor than whether an operator is wasting 15 per cent 
or 18 per cent of the welding rod in stub ends, or whether 
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he is saving power by shutting his welding machine down 
when he is not using it. It is all very well to give a man 
a large rod and tell him to use all the heat the job will 
stand, but from the management point of view the im- 
portant factor is to get the most production from the 
amount of effort the operator may be reasonably expected 
to expend on the job. Within the experience of the 
author, many shops fail to realize the production that can 
be obtained with high-current welding merely because 
they have no way of measuring operator behavior under 
the conditions surrounding the work. Instruments have 
been developed for this purpose in addition to improving 
quality by continuous checking as described below. 

One of the simplest methods of beginning a study oi 
operator behavior is to put an instrument on the machine 
that will record accurately the time the operator has the 
are in normal operation. Such an instrument is illus- 
trated in Fig. 1 and permits such studies as hour by hour 
throughout the day records of operator behavior. It 
also permits the study of the effect of having the operator 
do fitting-up work in addition to welding. From such 
studies the economical balance can be established be- 
tween operation of the arc and other tnanual labor con- 
nected with fitting up. Increases of production per 
man-hour of as much as 50 per cent may be the outcome 
of such studies. It is a well known fact that there is a 
limit to how many hours per 8-hour turn an operator 
can operate an arc. While this factor varies between 
individuals, no incentive system will ever have a sound 
basis unless factual information of this kind is available. 

Figure 2 shows an instrument which records the time 
of normal are operation of the manual operator and also 
the time in which he had the arc in operation, but was 
not operating the arc in a normal manner. Such an 
instrument is used in studies of the effect of positioning 
on welding operator production; studies of the progres- 
sive effect of highly fatiguing welding operations. 
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Fig. 3—Front and Back of Panel Views of Precision Instrument for 
Recording Normal and Abnormal Time of Arc Operation on any one 
of 19 Arc Welding Circuits 


The accompanying illustration, Fig. 3, shows an instru- 
ment for precision measuring of operator performance 


INSTRUMENTATION OF ARC WELDING 


Fig. 4—-Shield with Green and Red Lights to Indicate Normal and 
Abnormal Arc Operation 


with any kind of welding rod and records elapsed time, 
time arc is in normal operation, and time it is in abnormal 
operation. 

The shield shown in Fig. 4, has a red light and a green 
light, and these lights may be attached to the type of 
instrument shown in Fig. 2 or Fig. 3, so that in training a 
beginner the instrument will show him by the green light 
when he is operating ina normal manner. As soon as he 
operates the are in an abnormal manner, the green light 
is extinguished and instantly the red light comes on. 
This has been found particularly valuable in training 
operators, but its main purpose is precision measurements 
for studies on welding operation involving large numbers 
of pieces where an error in setting a rate or lack of infor 
mation as to the easiest way of doing the job might result 
in a very large increase in labor cost. 

These instruments have been developed over a period 
of years (U.S. pat. 2,027,224) and field-tested for a wide 
variety of conditions. In principle the instruments 
utilize vacuum tubes to pick up oscillations of voltage 
arising from the transfer of metal across the arc from an 
electrode. These oscillations are filtered out from other 
extraneous oscillations which occur in an arc-welding 
circuit and then amplified to operate relays which in turn 
operate the indicating or recording devices. The instru- 
ments shown in Figs. 2 and 3 are provided with receptacle 
for attachment to curve-drawing instruments of the 
usual kind in addition to the self-contained clocks. 

It may be properly said that the instruments are 
merely tools to be used in the study of operator behavior. 
The instruments merely record how the operator behaves. 
The study is based upon the recordings of the instru 
ments. 
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BUTT-WELDED BEAM AND GIRDER 


By LAMOTTE GROVER* 


ANY tests of fundamental forms of welded and 
riveted joints, particularly under repeated stress 
and impact, have demonstrated the greatly 

superior efficiency of the butt-welded splice as com- 

pared with other forms. This better efficiency results 
from the elimination of discontinuities of form or section 
such as are introduced by fillet-welded straps or rivet 
holes in the material, which cause interruptions in the 
paths of stress flow and consequent concentrations of 
stress greatly in excess of average computed stresses. 

These points of stress concentration may become nuclei 

from which cracks start under repeated loading and 

eventually develop into fractures. 

With the realization of this superiority, specification 

writers have encouraged the use of butt welds more and 

more, and they have removed previously existing re- 
strictions against the use of butt-welded splices in ten- 
sion members. However, the AMERICAN WELDING 

Society Conference Committee on Welded Highway and 

Railway Bridges has not felt justified in removing the 

former restriction in its specifications against the making 

of butt-welded tension splices in non-rectangular sec- 
tions without giving the user of the AMERICAN WELDING 

Society Bridge Specifications some definite information 

regarding the care to be exercised in controlling shrink- 

age stresses and the general manner in which the se- 
quence of welding may be carried out to avoid trouble. 

The writer has compiled the following information on 

the subject from sources of experience and information 

immediately available and presents it for discussion by 
the readers of the AMERICAN WELDING Society Jour- 

NAL. It is hoped that discussion will be immediately 

forthcoming so that it will be available for the use of 

the bridge specifications committee. The principles 
involved are of course applicable in any field of welded 
steel fabrication. 

It is the aim of the committee to adopt provisions that 

will be sufficiently specific to insure safe practices and to 

prove of practical value, but at the same time sufficiently 
comprehensive to avoid legislating against the use of any 
effective method that will accomplish the desired results. 

Early attempts to make butt-welded splices of rolled 

steel sections occasionally resulted in serious difficulties. 

This was partly because the bare wire electrodes used at 

that time produced a brittle weld metal, and partly 

because it was not generally realized at that time that the 
sequence and procedure of welding are of vital impor- 
tance in making such welded joints. 

Later experience has proved that with the use of 

modern welding methods and heavy flux coated elec- 


* Structural Welding Engineer, Applied Engineering Department, Air Re- 
duction Sales Company, New York 


Splices and Control of 


shrinkage Stresses 


trodes, such as those now employed quite universally, 
reliable butt-welded joints may be made in sections of 
non-rectangular shape. High strength alloy steel mem- 
bers of more complex shape than ordinary structural 
H’s and I’s have been butt welded successfully (Fig. 1), 
It is very important, however, to realize that an intelli- 
gently planned sequence and procedure of welding is 
necessary to assure satisfactory joints in such sections, 
even with the best of modern welding equipment and 
supplies, and with the use of base metal such as ordinary 
structural steel of good weldability. 

While some special provisions are necessary eve in 
making butt-welded joints between wide rectangular 
plates of equal thickness, the welding must be planned 
more carefully when the members involved are more 
complex as to cross-sectional shape and when appendages 
are involved such as stiffeners and connection material 
for other members, or when the parts or elements differ 
quite a bit in thickness. ~ 


WHY SHRINKAGE STRESSES ARE IMPORTANT 


Such complex conditions as those described introduce 
sizeable shrinkage tendencies in several directions and 
result in multi-axial stresses, regarding which there has 
been much recent technical discussion, especially in 
foreign literature. 

There is a good deal of evidence to lead one to believe 
that the most serious effects of such multi-axial stresses 
are manifested largely, if not entirely, while the metal is 
cooling from the welding temperature, particularly when 
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Fig. 1—Complex Sections of High Strength Alloy Steel Were Butt Welded 
in This Recently Completed Railway Bridge Near Paris, France 
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Fig. 2—-Many Butt-Welded Shop and Field Splices Were Used in the 
Main Girders of This New mighesy Bridge Across the Meuse Near Liege, 
gium 


a 
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Fig. 3—Preheating to 212-250° F. for Field Splices in 3-Inch Flanges of 

High Strength Alloy Steel of the Meuse River Bridge Shown in Fig. 2. 

(A Somewhat Lower Preheat Might Be Used for Carbon Structural Steel 
of Such Thickness) 


shrinkage is confined to comparatively small or reduced 
areas of metal at the same instant when the metal is 
subjected to shrinkage stresses in several directions, 
thus reducing further its effective ductility in any one 
direction. 

Laboratory tests have failed to disprove the theory 
held by many technicians, that within temperatures or- 
dinarily encountered in the service of a bridge, and par- 
ticularly in the case of a ductile steel such as mild or 
structural carbon steel, any multi-axial shrinkage stresses 
in a tension member will be largely relieved through local 
deformation as loads come upon the structure and there- 
fore will not affect the strength and safety of a structure. 

The theory that multi-axial stresses in a ductile mate- 
rial are entirely innocuous at ordinary service tempera- 
tures seems to be borne out further by service records of 
large rolled steel beams which are known to be heavily 
charged with multi-axial shrinkage stresses when they 
leave the mill, so much so that when they are split the 
release of the internal forces causes the parts to distort 
greatly, and if the springing apart of the two portions is 
prevented until the last part of the cut is made, it occurs 
violently and with a loud report. Despite this condi- 
tion, such rolled beams have given entire satisfaction in 
service for many years. 

This theory would lead to the belief that once the 
welding for a ductile steel structure has been success- 
fully completed and all the welds have cooled down and 
the structure has become thoroughly adjusted to normal 
service temperature with no existing cracks, fissures or 
other serious defects, then there is nothing to fear from 
shrinkage stresses after that. 
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- ing definite rules for controlling shrinkage stresses and 


There is a very important distinction between bal- 
anced multi-axial shrinkage stresses and the kind of 
multi-axial stresses that have been created by external 
loads on laboratory specimens to produce fractures of 
brittle appearance. The former are inherently self- 
limiting and are relieved by deformation, while the latter 
have been maintained at full intensity up to the point of 
fracture. 

Whether residual stresses are of importance only 
during welding or whether they can, under certain cir- 
cumstances, contribute to the failure of a member or 
connection that is thoroughly sound when placed in 
service, the conclusion is equally inescapable in either 
case that, to avoid trouble, shrinkage stresses must be 
very carefully controlled in certain cases such as the 
making of welded joints in rigid assemblies and in 
making butt-welded splices in sections other than rec- 
tangular in shape. 

Foreign technicians have given a great deal of attention 
to the controlling of these shrinkage stresses in such a 
way as to insure that they will be innocuous. In some 
instances, for example, the making of splices in flexural 
members, they have actually taken advantage of shrink- 
age stresses by deliberately introducing them in such a 
way as to counterbalance subsequent load stresses. 

There has been more cooperation between shops in 
foreign countries than in our country, toward formulat- 


distortion by sequence of welding. 


THE PROBLEM TO BE SOLVED 


The major problem is to carry out all operations of 
preparing and assembling material, as well as those of 
the welding of the various parts, sub-assemblies and 
complete assemblies, so as to provide that while the 
welding is being done at any point and while the heated 
metal at that point is cooling and shrinking, all other 
parts of the member or assembly can either move, shrink 
or deform enough that the shrinkage of the heated metal 
will not set up excessive internal stresses. 

It must be recognized that in any kind of manufactur- 
ing, fabrication or construction involving commonly 
used materials such as rolled steel, cast steel and other 
metals, or concrete, a certain amount of differential 
shrinkage is unavoidable, due to differential rates of 
cooling and of linear shrinkage, even though the parts 
being constructed are entirely unrestrained at their 
boundaries. The problem in any case is to control these 
differential shrinkages in such a way as to avoid their 
resulting in internal strains of such a magnitude that they 
might result in a decreased usefulness of the structure to 
be built. 

In most cases of welded construction, this can be ac 
complished by proper design and detailing of the parts, 
careful preparation and fit-up of material, and a proper 
sequence of welding. In a few cases, especially in the 
repair of existing structures, conditions of external re 
straint may require the peening of some of the welds as 
they are being made to provide deformation to counter- 
act shrinkage stresses. Peening operations must be 
controlled very carefully, however, and should not be 
attempted without a background of intelligent experience 
or preliminary trial procedure. 

Under some circumstances, particularly where thick 
material is involved or material of different thicknesses, 
and especially when alloy and medium or high carbon 
steel are used (Figs. 2 and 3) preheating may be required, 
and possibly local stress-relief may be beneficial. Pre 
heating may be necessary in some instances to prevent 
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hardening that would accompany rapid chilling adjacent 
to thick metal, or in other cases simply to eliminate 
differential shrinkage. Both these functions must be 
kept in mind in planning the welding procedure and se- 
quence. The amount and distribution of preheating 
that would best serve one of these interests may not 
always be the most favorable in consideration of the other. 

If local stress relieving is applied to a joint, it is very 
important that one end of the member be entirely free 
to move during the heat treatment. Otherwise, shrink- 
age stresses will be increased rather than relieved. 


GENERALLY APPLICABLE PRINCIPLES 


While the metal of a weld and the adjacent base metal 
are within certain temperature ranges they are plastic 
and can deform under the influence of shrinkage and 
therefore no substantial shrinkage stress is set up. At 
points, where shrinkage may be partially restrained, it is, 
in general, desirable to keep the heat of welding from 
“soaking’’ out into the base metal so far away from the 
joint that the parts being welded will continue to shrink 
a great deal after the weld metal has cooled and is less 
plastic. In other words, the heat of welding should be 
kept concentrated as much as possible near the welded 
edge, by using high heat type electrodes (AMERICAN 
WELDING Society Classification E6020 or E6030 when 
the joint can be positioned for downhand welding), to 
deposit the greatest amount of weld metal per unit of 
time that is possible without defects and without over- 
heating the metal so as to cause undesirable metallurgical 
effects and perhaps highly localized locked-in residual 
stresses arising from metallurgical effects. 

If other previously joined parts of the member being 


Fig. 4—Typical Butt-Welded Splice for a Rolled Beam Showing Details for 
Shop and Field Welding 
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Fig. 5—(Left) Typical Splice with Flanges Butt Welded and Web Spliced 
wah Inte Stiffener Plate. Elevation View Shows Details for a 
Shop Splice. Sec. A-A Is Detailed for a Field Splice 


Fig. 6—(Right) Edges of Web Plates Bent Out of Line at Splice. Shrink- 
age of Butt Weld Is Relieved as Plate Straightens. Questionable 
Detail Except for Thin Webs 
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Fig. 7—This Triangular Form of Butt-Welded Flange Splice, Popular 


in Germany Several Years Ago, Has Been Replaced by Square or 45 

Degree Skewed Butt Welds in Which Defects and Shrinkage Stresses 

Can Be Controlled Effectively. (Note Temporary Erection Clips Tack 
Welded in Phace) 


welded, which would offer much restraint, can be heated 
previously or at the same time, they will then cool and 
shrink along with the part being welded and thereby 
alleviate differential shrinkage. 

The distribution of heat of welding should be kept as 
nearly uniform as possible. Once welding is started on 
a joint in one of the parts of a member, it should not be 
interrupted long enough to permit the part to cool 
appreciably until the last deposited layer has been com- 
pleted. 

The amount of shrinkage is in general proportional to 
the input of heat and the volume of weld metal involved. 
Therefore, the best form of groove is the narrowest one 
that will provide for proper welding conditions. 

As metal cools it contracts in all directions. Longi- 
tudinal shrinkage, often thought of as of little importance 
as compared with shrinkage transversely across a joint, 
may be quite important in some cases, especially if its 
effect is concentrated over a small area in adjoining parts 
at the ends of a weld (for example, in the flanges of a beam 
or girder at points where they are intersected by the ends 
of a web-splice weld or welds joining stiffeners to the web). 
Longitudinal shrinkage may also be of importance in 
joining together parts of unequal thickness because the 
thinner part will tend to heat up and expand faster than 
the thicker part. 

Much difficulty can be avoided by using “‘step back’ 
or ‘‘wandering’”’ sequences of welding, skipping around so 
as to avoid the bringing of any one area to a much higher 
general temperature than other points along the joint 
(Figs. 4 and 5). 

Special care is warranted to insure welds that are 
thoroughly sound throughout. Some forms of joint 
make this difficult (Fig. 7). Butt welds should be pro- 
vided with only very slight convexity, and the surface of 
the weld metal should blend smoothly into that of the 
base metal with no undercutting that might form a stress 
raiser. In making a butt-welded splice in a member, it 
is particularly important that at least one end of the 
member be free to move as the welded joint shrinks. 


WELDING FOR PARTS OF BUILT-UP MEMBERS 


Since shrinkage in the longitudinal direction along a 
welded joint is normally less than that in the transverse 
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Fig. 8A Butt-Welded Girder Splice of the Meuse River Bridge. Tension 
Flange Welds Showed 45° After German Practice. (Erection Clips Have 
Been Removed from Webs) 


direction across the joint, the welds running perpendicular 
to the length of an assembly are usually made first. 

There is quite general agreement that the shop splices 
in any component part of a member such as a plate girder 
should be made before that part is welded into the as- 
sembly; also, that wherever it is practicable, all appen- 
dages should be welded to the parts before the longi- 
tudinal assembly welds are made. For example, the 
welding of stiffeners of girders to the webs before the webs 
and flanges are joined by welding, seems to be desirable 
in most cases, provided that the stiffeners are not fit 
to bear against the flanges so tightly as to prevent free- 
dom of shrinkage for the web-to-flange welds which are 
to be made later. Provision for this shrinkage is espe- 
cially important when butt-welded web-to-flange welds 
are used. 


WEB SPLICES IN GIRDERS 


It is universal practice to use double V or double U 
grooves for butt-welded splices in girder webs. Since 
they involve comparatively long seams, the general direc- 
tion of welding for most of the layers should preferably 
be from the middle toward both edges of the plate, 
simultaneously if possible. The actual direction of 
laying down an increment of weld metal will often be 
opposite to this general direction of welding, when a step- 
back procedure is used (Fig. 4). For shallow girder 
webs, it has been found satisfactory to start at one edge 
and progress toward the other, alternating the direction 
of welding on some of the passes, and possibly welding 
the majority of the layers in a direction from the edge 
adjacent to the tension flange toward the edge adjacent 
to the compression flange. (The sequence shown in Fig. 
©) pertains to butt welds as well as fillets.) It is well 
agreed that the welding should never be carried from 
both edges toward the center because this sequence re- 
sults in much greater restraint against freedom for 
shrinkage. 
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A certain amount of restraint, such as that provided 
by light tack welds, seems to prove beneficial by causing 
shrinkage stresses to be relieved through plastic flow 
while the weld metal is hot, and such tack welding or 
equivalent means of holding parts in alignment is neces- 
sary to produce good workmanship and to avoid distor- 
tion. 


SPECIAL PREPARATION FOR FLANGE SPLICES 


For field splices of bottom flanges where most of the 
metal is deposited in the downhand position from the 
inside face of the flange, and also for all double V or 
double U flange welds, it is considered necessary by 
some shops to cope out a small opening in the edge of the 
web plate opposite the flange weld to facilitate the de- 
positing of sound metal (Fig. 4). 

It may also be advisable to do this even though both 
flanges are prepared for the depositing of weld metal 
from the outside surfaces of the flanges (single V or U 
grooves opening outward); because such copes in the 
webs facilitate the gouging or chipping out of the root 
prior to rewelding on the root side. 

Also if such openings are provided, they will definitely 
prevent the longitudinal shrinkage of the web-splice 
welds from having any effect upon the flanges at the 
points where they are spliced. This effect can be elimi- 
nated, however, by making the web splice first. 

These small openings in the edges of the web can be 
closed up later, if desired for the sake of appearance, by 
filling them in such a manner as not to create shrinkage 
stresses. Whether they are filled or not, the ends of the 
web welds and the inner surfaces of the flange welds 
should be carefully finished without defects. 


WELDING THE FLANGE SPLICES 


In all cases special provisions should be made, as re- 
quired by the AMERICAN WELDING Society Bridge 
Specifications, to insure soundness where the flange welds 
terminate at the edges of the flanges. 

Single V or U Butt Welds Opening Outward.—These 
joints can be welded in the same manner as for separate 
bars or plates of rectangular section. If small coped 
openings are not provided in the adjacent edge of the web, 
very special care must surely be exercised in chipping, 
gouging and cleaning the root for back welding at the 
point where the web intersects the flange. If the flanges 
are wide, a step-back procedure may be used to good 
advantage for the root passes and possibly for some of the 
succeeding passes. The general direction of welding 
should alternate from left to right for consecutive passes, 
even though a step-back sequence is used. 

Double V or U Butt Welds, and Single V or U Butt 
Welds Opening Inward as for Field Splices of Bottom 
Flanges.—-For these cases, it seems that the web should 
surely be coped as described above. It is also preferable 
to use two welding operators working simultaneously 
from opposite sides of the beam on the same bead, one 
starting shortly after the other and welding from a point 
near the center of the flange toward the edges (Fig. 4). 

The starting points are alternated for consecutive de- 
posits, first on the left side of the web and then on the 
right. Also they should be staggered by varying the 
distance out from the web, so that there will be no ac- 
cumulation of roughness at points of starting that might 
make the cleaning of slag difficult and concentrate weak- 
ness or defects at one point in the section. 

The second operator should carefully clean the slag 
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from the point of starting the deposit before he starts 
welding. 


ALTERNATIVE FILLET-WELDED WEB SPLICE WITH 
INTERPOSED TRANSVERSE STIFFENER PLATE 


If the shearing stress is not high enough at the splice to 
require a butt-welded web splice, and particularly if the 
web is not subjected to high repeated tensile stresses near 
the tension flange and therefore fatigue conditions are 
not involved, then an interposed transverse plate with 
fillet welded double T connection between the abutting 
edges of the web plates might be used economically for 
a web splice (Fig. 5). Such an arrangement has been 
used for a number of bridges, some of them in England. 

This type of splice is especially convenient for the 
attaching of alignment clips to facilitate erection. In 
the case of field splices the transverse stiffener bar is shop 
welded to one web plate and field welded to the other web 
plate. Clearance must be provided between the face of 
the stiffener bar and the edge of the web plate to be field 
welded, to provide for the shrinkage of the flange butt 
welds which are usually made first in case this kind of a 
web splice is used. The transverse shrinkage of the 
fillet welds made in the field is comparatively small. 
As in the case of the butt-welded web splice, copes made 
in the edges of the web plates will facilitate the welding of 
the flanges and eliminate any effect upon them from the 
longitudinal shrinkage in the web welds (Fig. 5). 


SEQUENCE FOR WELDING FIELD SPLICES OF COM- 
PONENT PARTS OF GIRDERS, OR FOR WELDING 
ROLLED BEAM SPLICES 


Various sequences have been used successfully. Ger- 
man practice seems to be to make the web splice first 
unless the flange area is very much greater than the web 
area, as in the case of deep beams and girders. If the 
flanges are welded first, the abutting edges of a thin web 
plate are sometimes bent outward before welding (Fig. 
6) so the shrinkage of the web weld will merely pull the 
edges back in line without setting up shrinkage stresses. 
Also, when the web plates are not too heavy, a warped 
plate ‘“‘window splice’ has been used in Germany for 
built-up girders, involving two vertical web welds one 
on each side of a warped section of web plate which 
straightens and relieves the shrinkage of the last made 
vertical web weld. 

The sequence involving the making of a butt-welded 
web splice first, seems to be favored in Belgium by the 
best shops. The web is the most flexible part of the 
section, and there is the further advantage of causing the 
longitudinal shrinkage of the web splice to take place 
before the adjacent flange welds are made. It is also 
possible to reheat the web plate, if it has cooled, so that 
it will shrink together with the flange welds and thereby 
avoid differential shrinkage between component parts. 
This heating must not be overdone or it could result in 
final tension in the web. It seems evident that the 
welds of the two flange splices should preferably be carried 
along together and completed about the same time. 
However, where this has been impractical, the tension 
flange has been welded first so that the greatest tensile 
shrinkage stress, which occurs in the last weld, will be 
in the compression flange. If the section being spliced 
is a tension member rather than a beam or girder, both 
flanges are welded at the same time. 

If it is practical to provide rotating jigs or fixtures or 
other positioning devices, the welding of the web and 
that for both flanges can all be carried along together, 
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Photo courtesy 


of Shieve Construction Co., Buffal 


Fig. 9—In These Rigid Frames of the New Prison Chapel at Auburn, N. Y,, 
Butt-Welded Field Splices Were Made by Carrying Along the Welding of 
Both Flange Splices Together with That of the Web Splice. Each 36 In. 


—240 Lb. Wide Flange Floor Beam Is 60 Feet Long and Contains Two 


Field Splices. 


building up the deposits of weld metal in the various com- 
ponent parts at rates proportional to their cross sectional 
areas. This sequence has been used in Germany. 


OTHER PRECAUTIONS 


In view of the fact, that it is more difficult to make 
splices in rolled sections and built-up girders than in 
rectangular shapes, it is recommended that continuous 
supervision be provided during the making of such welded 
splices to insure full compliance with all general provis- 
ions for workmanship as well as the special provisions 
relating to the making of such splices. 

In the case of built-up girders, it has been the practice 
of some designers to stagger the flange and web splices 
as one does in built-up riveted construction. 

Accuracy in the preparation of material to insure 
proper fit-up before welding is of particular importance 
for butt-welded splices. Excessive widths of grooves 
require excess weld metal which involves more shrinkage. 
Insufficient root spacing may involve lack of penetration 
and premature closing of the root gap with consequent 
restraint against shrinkage as well as root defects. 


CONCLUSION 


Many large rolled shapes and built-up sections have 
been spliced successfully by butt welding in this country 
as well as foreign countries, by following a proper se- 
quence and procedure for welding. 

More complex sections such as composite sections and 
H-sections with extra flange ribs have been welded, even 
in high strength steel material with its attending further 
difficulties. Serious difficulties are very likely to be 
encountered, however, unless a suitable procedure and 
sequence are followed in the welding of such splices. 

These principles as discussed herein may seem rather 
involved and complicated to one not intimately ac- 
quainted with the problems of the metal working indus- 
tries, but it becomes second nature to experienced shop- 
men to carry out such operations. Furthermore, it has 
been the object here to outline principles to be followed 
in setting up a fool-proof procedure, that will preclude 
all possibility of poor workmanship. There may be other 
equally acceptable and effective means of accomplishing 
the desired results. 
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. . the reinforcing pieces to each side. The job was allowed 

A Tool Repair That Paid to air cool, due to the type of steel which was joined. 

* An inspection of the finished job showed a sound 

a Big Bonus joint—tests indicated that hardness had not been af- 

fected—and the broach did not warp to a harmful degree, 

the little warping which did occur being attributed to 

quickly assembled clamping methods, which on a future 
job can be readily changed. 


By F. T. VAN SYCKEL* 


The broach, after slight finish grinding, was then tested 
in regular service. It has now been back in use for over 
three months and is doing its job as well as a new tool. 
The hardness of the cutting edges evidently have not 
been impaired by brazing in any way. In checking over 


Machinery Co., Inc., Brooklyn, N. Y., a high 
3 


A’ THE plant of the S. & S. Corrugated Paper 


speed broach used in cutting */s-inch keeways 
broke in service. This tool is used constantly on a va- 
riety of work. A new one costs $72.75 but the delay in 
getting it was a serious matter—it meant disrupted pro- 
duction schedules. 

To avoid delay if possible the service department of 
one of the largest welding equipment manufacturers 
was called in. An inspection showed that the break was 
clean and about 14 inches from the draw bar end where 
the broach is attached to the machine. The high-speed 
steel from which the broach was made is of the air 
quenched type. In repairing, hardness had to be kept in 
mind. Also, to maintain size in the broach, a joint had 
to be made by a method which would not warp the tool 
out of shape. 

It was felt that the job would be greatly simplified if 
the repair could be made without affecting the hard- 
ness of the cutting edges. Therefore, it was decided 
to braze the break together with a low temperature 
silver alloy which flows very freely at 1175° F. and to 
join two reinforcing strips of tool steel to the sides, as 
shown in Fig. 1. The sides of the broach were undercut 
1/, inch for a distance of 1*/, inches on both sides of the 
break on Ss surface grinder. 1 hese surfaces then were Fig. 3—The Broach, After Repair Was Made, Assembled in the Broaching 
cleaned thoroughly and covered with flux, which is com- Machine Ready to Cut a Keyway in a Medium Size Gear 
pletely liquid and active at 1100° F. Two high speed 
steel reinforcing strips were formed to fit the recesses cut 
in the sides of the broach. These also were fluxed. The 
joint was assembled with inserts of the brazing alloy 


the costs of materials and labor to do this job, the results 
added up as follows: 


in sheet form 0.005 inch thick between the reinforcing Undercutting grinding labor (2 hr.) $4.00 
strips and the body of the broach. The assembly was Gases 50 
then clamped securely together. Brazing Alloy and Flux, less than 10 
Using an oxyacetylene torch having a No. 5 tip and Brazing and Fluxing labor (*/2 hr.) 1.00 
regulated to a soft, reducing flame, heat was applied to Finishing labor ('/: hr.) 1.00 
the side opposite the cutting teeth. Care was taken to Total $6.60 
heat evenly until a faint red appeared in the metal. The , ; 
brazing alloy insert then flowed and penetrated into the So, low temperature brazing not only relieved a pro- 


fracture. It securely joined the broken parts which had duction jam, but saved the difference between $72.75 
been butted together closely and permanently united and $6.60 in doing it. The wider use of brazing like this 
posi . : offers an opportunity of saving many an expensive tool 

* Handy & Harman, New York. from the junk pile. 


b 


Fig. l—Rear View of the Broach Showing How the Body of the Broach Fig. 2—Side View of the Repair—Note How the Brazing Alloy Has Flowed 
as Under Cut to Take the Reinforcing Pieces on Each Side and Made a Small Fillet Along the Entire Length of the Reinforcing 
iece 
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Fig. 1—Fleet of Five 50-Ton Trailers Manufactured by Arc Welding at 
C. R. John Co. of Chicago 


Trailer of 50-Ton 
Capacity Now Standard 
Products 


By A. F. DAVIS* 


IME was when a trailer capable of transporting 50 

tons was undreamt of. Yet today, prompted by 

equipment demands of huge federal projects and by 
requirements of other large earth moving structural 
operations, manufacturers are producing units of this 
high capacity as standard equipment. 

An example of such manufacture is that of C. R. John 
Co., of Chicago, Illinois. In Fig. 1 is—not one—but six 
50-ton trailers manufactured by this company for trans- 
porting sections of reinforced concrete pipe for a large 
water siphon. These units are of all arc-welded construc- 
tion. 

In Fig. 2 can be seen an all arc-welded trailer of 32-ton 
capacity for hauling construction machinery such as the 
power shovel shown. 

Figure 3 shows arc-welded fabrication of the frame for 
a heavy duty trailer. Construction utilizes standard 
channels and I-beams. 


* Vice-President, The Lincoln Electric Company, Cleveland, Ohio. 


Fig. 3—Fabricating the Frame for a Heavy-Duty Trailer by Arc Welding 


Commenting on arc-welded construction of heavy 
trailers, Mr. C. R. John, president of the company, says 
it provides improved appearance, greater strength and 
rigidity and a saving of 5% in weight over former con- 
struction. Reduced manufacturing cost, also made 
possible by arc welding, has permitted a reduction of 
5% in selling price. 
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Welding Farm 
Machinery 


By L. M. BENKERT* 


COMPLETE welding department designed for 
progressive assembly welding of the entire body 
of two sizes of Harvesting Combines has been put 

into operation at the East Moline plant of John Deere 
Harvester Company. 

The body assembly comprises some 52 separate parts 
which include augur housing, beater cover, top, upper 
and lower side panels reinforcing plates, collars and 
brackets. All of these parts are assembled by spot 
welding in nine progressive stations, using only seven 
transformers, seven welding guns and a new spot welder 
of the air-hydraulic type. 

_ The floor-plan layout to make this possible is shown 
in Fig. 1. It will be noted that the top reinforcement 
ixture and the augur and beater housing fixture are 
cared for with guns swiveled on an arm to permit their 
being revolved to reach the two fixtures. The top rein- 
lorcement fixture, moreover is of the turn-table type so 
that all parts can be reached with the gun from one side. 

A single gun again, is used for the lower side panel 

assembly and the upper side panel assembly. The 
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Fig. 1—Floor Plan 


transformer, booster and gun are hung from an overhead 
tram-rail and are moved from fixture to fixture as needed. 

A similar tram-rail permits welding both sides of the 
roof assembly to the side panels with but a single gun, 
the tram-rail being U-shaped and located directly above 
the assembly station. 

Two guns at the ‘“‘major’’ assembly station, each with 
its own transformer, complete the actual welding equip- 
ment. It should be mentioned that each gun, with the 
exception of the first mentioned swiveled installation has 
its own Weltronic timer and transformer. These auto- 
matic timers operate through electronic tubes and are 
adjustable as to welding time, cooling time, etc., for each 
spot. 

The entire installation was worked out with the co 
operation of our Company, who supplied fixtures, 
transformers and guns. 
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Fig. 1—Fleet of Five 50-Ton Trailers Manufactured by Arc Welding at 
C. R. John Co. of Chicago 


Trailer of 50-Ton 
Capacity Now Standard 
Products 


By A. F. DAVIS* 


IME was when a trailer capable of transporting 50 

tons was undreamt of. Yet today, prompted by 

equipment demands of huge federal projects and by 
requirements of other large earth moving structural 
operations, manufacturers are producing units of this 
high capacity as standard equipment. 

An example of such manufacture is that of C. R. John 
Co., of Chicago, Illinois. In Fig. 1 is—not one—but six 
50-ton trailers manufactured by this company for trans- 
porting sections of reinforced concrete pipe for a large 
water siphon. These units are of all arc-welded construc- 
tion. 

In Fig. 2 can be seen an all arc-welded trailer of 32-ton 
capacity for hauling construction machinery such as the 
power shovel shown. 

Figure 3 shows arc-welded fabrication of the frame for 
a heavy duty trailer. Construction utilizes standard 
channels and I-beams. 


* Vice-President, The Lincoln Electric Company, Cleveland, Ohio. 


Fig. 3—Fabricating the Frame for a Heavy-Duty Trailer by Arc Welding 


Commenting on arc-welded construction of heavy 
trailers, Mr. C. R. John, president of the company, says 
it provides improved appearance, greater strength and 
rigidity and a saving of 5% in weight over former con- 
struction. Reduced manufacturing cost, also made 
possible by arc welding, has permitted a reduction of 
5% in selling price. 
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Welding Farm 
Machinery 


By L. M. BENKERT* 


COMPLETE welding department designed for 
progressive assembly welding of the entire body 
of two sizes of Harvesting Combines has been put 

into operation at the East Moline plant of John Deere 
Harvester Company. 

The body assembly comprises some 52 separate parts 
which include augur housing, beater cover, top, upper 
and lower side panels reinforcing plates, collars and 
brackets. All of these parts are assembled by spot 
welding in nine progressive stations, using only seven 
transformers, seven welding guns and a new spot welder 
of the air-hydraulic type. 

The floor-plan layout to make this possible is shown 
in Fig. 1. It will be noted that the top reinforcement 
fixture and the augur and beater housing fixture are 
cared for with guns swiveled on an arm to permit their 
being revolved to reach the two fixtures. The top rein- 
forcement fixture, moreover is of the turn-table type so 
that all parts can be reached with the gun from one side. 

A single gun again, is used for the lower side panel 
assembly and the upper side panel assembly. The 


bg Progressive Welder Company. 


Press Design, E. V. Crane 
(June 6, 1940), pp. 295-297. 

Pressure Vessels. Perfect Fits for Perfect Welding, H. S. Card. 
Chem. & Met. Eng. (June 1940), vol. 47, no. 6, pp. 400-402 

Railroad Maintenance of Way. Railway Welding Practices in 
Maintenance of Way Work, G. M. Magee. Can. Transportation 
(July 1940), pp. 337-339. 

Railroad Stations. Arc Welding Used Effectively to Repair 
Train Shed. Ry. Eng. & Maintenance (June 1940), vol. 36, no. 6, 
pp. 378-381 

Shipbuilding. Major Welded Ship Repair Recently Carried Out 
in Calcutta. Elec. Welding (May 1940), vol. 9, no. 51, pp. 75-78 

Shipbuilding. Some of Practical Difficulties Encountered in 
Welded Ship Construction, F. R. Gorman. Welding Engr. (Mar. 
1940), vol. 25, no. 5, pp. 17-19; (June), no. 6, pp. 32-34 

Shipbuilding. Welding of Warships and ‘‘Graf Spee's’’ Defeat, 
S.M. Reisser. Welder (Mar.—Apr. 1940), vol. 12, no. 73, pp. 34-43 

Shipyards. New Shipyard. Brit. Motor Ship (July 1940), vol. 
21, no. 246, pp. 110-113. 

Steam Pipe Lines. Erection of High-Pressure High-Tempera- 
ture Piping for Modern Power Stations, W. G. Hooper. Combus 
tion (June 1940), vol. 11, no. 12, pp. 20-24. 

Steam Turbines. Modern Turbines 
D. W. Rudorff. Eng. & Boiler House Rev. 
no. 8, pp. 423-427. 

Steel Manufacture. Steel Conditioning with Oxy-Acetylene 
Methods, G. D. Winlack. Iron & Steel Engr. (Apr. 1940), vol. 12, 
no. 4, pp. 44-53; (Discussion) pp. 53-54 and 65 

Strength of Materials. Elements of Strength of Materials, S 
Timoshenko and G. H. MacCullough. 2nd ed., D. Van Nostrand 
Co., New York, 1940. 365 pp., illus., diagrs., « he arts, tables, $3.25. 

Tanks, Concrete. Metal Lining Large Concrete Sunken Tank. 
Sheet Metal Worker (July 1940), vol. 31, no. 7, pp. 27-30 

Tanks. 300-Gallon Syrup Tanks Made of Welded Stainless 
Steel. Welding Engr. (May 1940), vol. 25, no. 5, pp. 26-27. 

Tools, Hand. Safe-Ending Drills aaa Chisels. Can. Min. J. 
(June 1940), vol. 61, no. 6, pp. 372-373. 

Tractors. Steel Wheels to Pneumatic Tires 
Tips (July 1940), vol. 19, no. 7, p. 154. 

Trailers. Welded Fabrication Makes Highway Trailers Stronger 
and Lighter. Welding Engr. (May 1940), vol. 25, no. 5, pp. 30-31. 

Welding, Great Britain. Review of Wartime Activities of Brit- 
ish Welding Industry, J. S. Trevor. Welding Engr. (May 1940), 


vol. 25, no. 5, pp. 23-26 


Machy. (London), vol. 56, no. 1443 


Technique and Design, 
(Feb. 1940), vol. 53, 


Oxy-Acetylene 


J 


2608 [z TIMER 


* 
| 


SOKA) 


TE | 
(30 AAP CONT 
300 AMR TURE \ BEATER ASN 
PEIN FOMEE wat FORM, 


Fig. l1—Floor Plan 


transiormer, booster and gun are hung from an overhead 
tram-rail and are moved from fixture to fixture as needed. 

A similar tram-rail permits welding both sides of the 
roof assembly to the side panels with but a single gun, 
the tram-rail being U-shaped and located directly above 
the assembly station. 

Two guns at the “‘major’’ assembly station, each with 
its own transformer, complete the actual welding equip- 
ment. It should be mentioned that each gun, with the 
exception of the first mentioned swiveled installation has 
its own Weltronic timer and transformer. These auto- 
matic timers operate through electronic tubes and are 
adjustable as to welding time, cooling time, etc., for each 
spot. 

The entire installation was worked out with the co 
operation of our Company, who supplied fixtures, 
transformers and guns. 
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The various sheet metal parts range in gage from 0.030 
to 0.125. Fixtures are so designed and equipment 
selected so that no spots will show on the outside of the 
shell. In general this has been achieved by welding, in 
such cases, through water-cooled coppers bearing against 
the outside of the body. 

Primary assemblies are first welded on the Spot Welder, 
such as welding support brackets (strainer) to augur 
panel and welding reinforcement to beater panel. 

Augur housings are welded to the lower side panel sub- 
assembly in the fixture shown in Fig. 2, the side panel 
being located on the right of the fixture shown. A 
pinch type of spot welder is used. The assembly then 
goes to the fixture shown in Fig. 3 where cylinder and 
top cover sub-assemblies are spot welded to the assem- 
bly, using a pinch gun. 

: Upper side panels are welded to the cylinder and top 
. cover assembly in the telescoping fixture shown in Fig. 4. 
: The cylinder and top cover assembly is first mounted in 
the inner fixture. Upper side panels are located inside 
: the outer part of the fixture, which is then rolled into 
‘ position over the inner fixture on the guide rails shown. 
§ The operation requires about 80 spots with a pinch-type 
| gun welder. A hand raising device is used to elevate 
the rails and outer fixture to clear the inner fixture, when 
welding is completed. This lifts the entire assembly off 
- the inner fixture, permitting it to be rolled on the rails 
to the next operation. 


Fig. 2—Fixture for Welding Auger Housings to Lower Side Panel 


2 


Fig. 4—Fixture for Welding Upper Side Panels to Cylinder and Top Cover 
Assembly 
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Fig. 3—Fixture for Welding Cylinder and Top Cover Sub-Assemblies 


This operation, shown in Fig. 5, consists of welding 
the top panel in position. The top panel and assembly- 
locating fixture are dropped into place from overhead 
the top fixture piloting in four holes in the ends of posts 
of the main fixture. With the Combine body assembly 
in this fixture, drip moldings are pinch-gun welded to 
side panels, also. 

The entire assembly is then rolled forward to the 
“major assembly’’ location. Here upper and _ lower 
assemblies, Fig. 6, are welded together. The lower side 
panel and augur housing sub-assembly from Fig. 2, are 
first slid into the fixture. The assembly from Fig. 5 is 
then rolled over the fixture to nest the assemblies. Four 
pilot pins are raised into holes in brackets on the legs of 
the outer fixture. Four air-cylinders on either side then 
move in the locating coppers, pilot plungers engaging 
holes in the lower assembly to locate it horizontally and 
vertically. 

Two hand expansion guns are used to weld the assem- 
blies together working from both ends. Each gun has 
its own transformer and power unit, the former located 
in the base of the major assembly fixture, the latter 
mounted on the fixture asshown. Air-hydraulic boosters 
are used for the guns. Each gun is provided with an 
individual Weltronic timer, one being of the interrupted 
type, and one being a repeating timer. 

The expansion guns bear against the back-up plates 
shown on the center of the fixture, pressure being against 
the outer coppers, which, incidentally, are water cooled. 
With this set-up no spot weld marks appear on the out- 
side of the finished body. 

A highly unusual operation follows in this same set-up 
Axle brackets of '/s-in. hot-rolled stock on the outside, 
and reinforcement panels of 0.060-in. pressed steel on 
the inside are welded simultaneously to the 0.030-in 
stock body panel between them—a thinner section be- 
tween two heavier gages. In addition to welding through 
these three thicknesses, the same gun, transformer and 
timer are used to perform other welds between body 
and reinforcement panel, where only two thicknesses 
are involved. This is made possible by the provision o! 
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Fig. 5—Welding Top Panel in Position 


Fig. 7—Sub-Assembly Fixture 


a single dual-heat push-button arrangement on the gun 
operating dual heat relays on the interrupted timer. 
With this arrangement some 40 spots per side are welded 
through three sections with 60 more through two sec- 
tions, per side, switching back and forth, as required. 

Contributing to the success of this set-up is the pro- 
vision and design of coppers to exactly fit the reinforce- 
ment brackets. These require welding both at an angle 
and horizontally. To provide for this, using the same 
guns, the back-up plates on the fixture are designed so 
that they may be swung manually to a position parallel 
with the surfaces being welded together. 

The last operation on the Combine body after removal 
from the major fixture is to weld in a box reinforcement 
assembly immediately above the axle pads across and 
between the major reinforcement plates. A push gun 
is used for this operation, connected to the transformer 
and timer in the spot welder. 

Alongside of the major assembly station is located a 
sub-assembly fixture, Fig. 7, where collars and small 
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Fig. 6—Welding Upper and Lower Assemblies Together 


Fig. 8—Turntable Type of Fixture 


brackets are welded to upper and lower side sheets before 
starting the sub-assemblies. The lower electrode of this 
fixture is fitted with copper alloy inserts, and adaptors 
are provided for locating the different collars. The 
transformer is mounted in the column of the fixture 
Welding is done with one of the expansion guns and 
timer from the final assembly station 

To weld reinforcements on either end and the baffle 
in the middle of the top, a separate turn-table type of 
fixture is provided, as shown in Fig. 8. The operator 
stays on the same side of the fixture, using a deep 
throated pinch gun for the welds. Welding is done 
through the copper forms shown. These rest against 
the outside of the top panel, the purpose being to elimi 
nate visible welding spots from the outside of the top 
panel. The copper forms also assist in insuring proper 
shaping of the top assembly. 

The various fixtures are designed so that locating sup- 
ports may be altered in position to take care of welding 
different sizes of Combines on the same fixtures. 
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CHAIRMAN—A,. C. RASMUSSEN, Insley 
Mfg. Corp., Indianapolis, Ind. 
SECRETARY—G. Electric 
Steel Castings Co., Speedway City, 
Indianapolis, Ind. 
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KANSAS CITY, MO. 3rd Mon. 
CHAIRMAN—N. Asuron, Ash, Howard, 
Needles & Tammen, Kansas City, Mo. 
SECRETARY—GEORGE Barn, Lincoln 
Electric Co., Kansas City, Mo. 


LAKE SHORE 
CHAIRMAN—A. W. WIEMANN, Armour 
Leather Co. Sheboygan, Wis. 
SECRETARY—R. E. KING, 13808-A Ham- 
ilton St. Manitowoc, Wis. 


LOS ANGELES 3rd Thurs. 
CHAIRMAN—C. W. Roserts, South- 
western Eng. Co., Los Angeles, Calif. 
SECRETARY—E. O. Victor 
Equip. Co., Los Angeles, Calif. 


LOUISIANA Ist Fri. 
SECRETARY—CLYDE Pine, The Isaac 
Delgado Trade School, New Orleans, 

La. 


MARYLAND 3rd Fri. except April 
CHAIRMAN—R. A. MANSFIELD, South- 
ern Oxygen Co., Baltimore, Md. 
SECRETARY-TREAS.—W. M. H. Bat- 
LATYNE, Penn. Water & Power Co., 
Baltimore, Md. 


MILWAUKEE 3rd. Fri. 
CHAIRMAN—R. E. Boeck, 3889 N. 4th 
St., Milwaukee, Wis. 
SECRETARY—GILBERT F, MryYerR, Ma- 
chinery & Welder Corp., Milwaukee, 
Wis. 


NEW YORK 2nd Tues. except when 
Joint Meeting is held 


CHAIRMAN—J. T. Puruips, Foster. 


Wheeler Corp., Carteret, N. J. 

SECRETARY—WAYNE A. Howarp, So- 
cony-Vacuum Oil Corp., Brooklyn, 


NORTHWEST 3rd Wed. 
CHAIRMAN—T. P. HuGues, University 
of Minn., Minneapolis, Minn. 
SECRETARY—ALEXIS CASWELL, Manu- 
facturers Assoc. of Minn., 200 Builders 
Exchange Bldg., Minneapolis, Minn. 


NORTHERN NEW JERSEY 
CHAIRMAN—F. C. FyKe, Standard Oil 
Development Co., Elizabeth, N. J. 
SECRETARY—H. S. Carp, 449 Elmora 
Ave., Elizabeth, N. J. 


NORTHERN N. Y. Last Thurs. 
CHAIRMAN—W. C. Hurcnuins, General 
Electric Co., Schenectady, N. Y 
SECRETARY—W. W. CHURCHILL, Gen- 
eral Electric Co., Schenectady, N. Y 


OKLAHOMA CITY Ist Fri. 
CHAIRMAN—K. B. Banks, P. O. Box 
1377, Oklahoma City, Okla. 
SECRETARY—F. SPREHE, Midwest Steel 
Co., Oklahoma City, Okla. 


PEORIA—CENTRAL ILLINOIS 
CHAIRMAN—E. E IscGren, R. G. Le 
Tourneau, Inc., Peoria, Ill 
SECRETARY— ALBERT A Loscn, R. G. 
Le Tourneau, Inc., Peoria, Ill 


PHILADELPHIA 3rd Mon. 
CHAIRMAN—H. W. Lawson, 243 E. 
Church St., Bethlehem, Pa. 
SECRETARY—H. E. HopxKins, Arcos 
Corp., 401 N. Broad St., Phila., Pa. 
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PITTSBURGH Middle Wed, 
CHAIRMAN—G. F. WOLFE, Dravo Corp, 
Engineering Wks. Div., Pittsburgh, Pa 
SECRETARY—J. F. MINNOTTB, Minnotte 
Bros., 1201 House Bldg., Pittsburgh 
PUGET SOUND 
CHAIRMAN—G. McBripe, Air Re. 
duction Sales Co., 3623 East Marginal 
Way, Seattle, Washington 
SECRETARY-TREAS.—R. 5. RUSSELL, Hy- 
draulic Supply Co., 7500—8th j Ave, 
South, Seattle, Wash. 
QUAD CITIES 
CHAIRMAN—A. R. GUSTAFSON, 840 
Third Ave., Moline, Illinois 
SECRETARY—J. W. SHUGARS, Lincoln 
Elec. Co., Moline, Illinois 
ROCHESTER, N. Y. Ist Thurs, 
CHAIRMAN—FRED L. PEIFFER, 1029 Lyell 
Ave., Rochester, N. Y. 
SECRETARY—PAUL W. JAMES, Lincoln 
Electric Co., 17 Lake View Park, 
Rochester, N. Y. 
SAN FRANCISCO Last Fri. 
CHAIRMAN—H,. CHANEY, Bethlehem 
Steel Co., San Francisco, Calif. 
SECRETARY—J. G. BOLLINGER, Air Re- 
duction Sales, Park & Halleck Sts., 
Emeryville, Calif. 
SAN JOAQUIN VALLEY 
CHAIRMAN—G. D. AtTMoRE, 401 Santa 
Barbara St., Santa Paula, Calif. 
SECRETARY—H. S. Nix, Taft Union 
H. S. & Jr. College, Box 1364, Tait, 
Calif. 
ST. LOUIS 2nd Fri, 
CHAIRMAN—L. H. Dopp, American Inst. 
of Steel Const., 1405 Paul Brown 
Blidg., St. Louis, Mo. 
SECRETARY—M. B. ScIroLeticu, Com- 
bustion Engrg. Co., Heine Boiler 
Div., St. Louis, Mo. 
SOUTH TEXAS 
CHAIRMAN—B. W. FARQUHAR, Gulf Oil 
Corp., Port Arthur, Texas 
SECRBTARY—T. D. KETCHBAW, Indus- 
trial Welding & Testing Lab., Hous- 
ton, Texas 
TULSA, OKLAHOMA 
CHAIRMAN—F. A. HorrMan, Tulsa 
Boiler & Mach. Co., Tulsa, Okla 
SECRETARY—JAMES B. Davis, Tulsa 
Testing Labs., Tulsa, Okla. 
WASHINGTON, D. C. 2nd Tues. 
CHAIRMAN—C. A. TREXEL, Bureau of 
Yards and Docks, Navy Department, 
Washington, D. C 
SECRETARY—E,. BROOKER, 129 South 
Buchanan St., Arlington, Va. 
WESTERN NEW YORK Last Mon. 
CHAIRMAN—G. M. Trerts, III, Farrar 
& Trefts, Inc., Buffalo, N. Y. 
SBCRETARY—D. W. Patterson, Federal 
Mach. & Welder Co., Buffalo, N. \ 
WICHITA, KANSAS 
CHAIRMAN—H CHRISTOPHER, = 1220) 
Biane St., Wichita, Kans. 
SECRETARY-TRBAS.—K. O. HOoOvussR, 
Kansas Gas & Electric Co., Wichita, 
Kansas 
YORK—CENTRAL PENNA. 
CHAIRMAN—J. W. HENNEsSSEY, York 
Safe & Lock Co., York, Pa. 
SECRETARY—C. B. HERRICK, 628 5 
Pershing Ave., York, Pa. 
YOUNGSTOWN (OHIO) 2nd Mon. 
CHAIRMAN—E. W. Tross, United Eng 
& Fdy. Co., Youngstown, Ohio 
SBCRBTARY-TREAS.—C. R. RIGGLE, Ohio 
Edison Co., Youngstown, Ohio 
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HOW WELDING HELPS SPEED 
NATIONAL DEFENSE TO BE 
DISCUSSED AT CLEVELAND 

MEETING 


With industry gearing itself to meet the 
increasing demands of the Preparedness 
Program, this year’s meeting of the 
AMERICAN WELDING Society in Cleve- 
land from October 20th to 25th assumes 
greater importance than any previously 
held in the 21-year history of the Society. 
For welding, cutting and allied processes 
are rapidly becoming recognized as one 
of the metal-working industry’s most valu- 
able tools for eliminating bottlenecks and 
speeding production schedules. 

That is why hundreds of engineers, execu- 
tives, and production men will gather at 
the Hotel Cleveland to hear experts in 
every phase of welding discuss how new 
processes are helping the shipbuilding, 
steel, aircraft, railroad, machinery manu- 
facture and other industries meet the de- 
mands for national defense. During the 
five-day meeting, leading authorities from 
all parts of the country will present fifty- 
nine technical papers covering practically 
every aspect of the welding, cutting and 
treating processes. 


Welding in Shipbuilding, Steel Mills 
and Machinery Manufacture 


The first session on Monday morning, 
October 21st, will be devoted to papers on 
welding in shipbuilding and the welding of 
rigid frame structures. Two simultaneous 
technical sessions will be held on Monday 
afternoon—one on steel mill applications 
of welding, and the other on industrial re- 
search. At the steel mill session, three 
speakers will discuss how resistance flash 
welding, hard-facing and shape-cutting 
are being increasingly used in mill opera- 
tions, while a fourth speaker will discuss 
the design and construction of heavy roll- 
ing mill machinery. 

On Tuesday the 22nd, simultaneous 
sessions will be held in the morning and 
afternoon on machinery manufacture and 
on fundamental research. Featuring the 
two machinery sessions will be papers on 
flame-hardening, flame-machining, ma- 
chine flame-cutting, and mechanized oxy- 
acetylene welding. The part these 
processes play in turning out metal prod- 
ucts in less time and at less cost will be 
covered in detail. Also to be presented at 
these sessions will be papers on welding 
and cutting processes as applied to specific 
products, including electrical machinery, 
ditching equipment and gear blanks 


Related Events 


Fundamental and Industrial 
Research 


Resistance welding will be covered at 
two sessions to be held on Wednesday 
morning and afternoon. Among subjects 
to be discussed are resistance-welding and 
spot-welding electrodes, recorders and 
indicators for resistance welding machines, 
the spot welding of copper base alloys, 
resistance brazing in electrical apparatus 
manufacture, and spot welding in aircraft 
construction. 

Research subjects, including the causes 
of crater formation, characteristics of hard- 
facing deposits, and the improvement in 
weld ductility by aging, will be discussed 
at a combined fundamental-industrial re- 
search session on Wednesday morning 
Problems in the design and construction of 
bridges and other welded steel structures 
will be covered at a structural steel session 
Wednesday afternoon. Among papers to 
be presented at this session is one on the 
flame-cleaning method for preparing struc- 
tural steel surfaces for painting. 


Training Operators for Industry 


The first of two simultaneous sessions 
on Thursday morning will be devoted to 
pipe welding, while a second session will 
cover procedure controls and special ap- 
plications of welding. Featuring this 
latter session will be a paper on training 
operators for welding, a subject of primary 
importance today because of the insuffi- 
cient supply of capable operators in many 
sections of the country to handle the in- 
creased demands of industry. Other timely 
papers to be presented at this session in- 
clude one on aircraft welding and another 
on codes for welded pressure vessels. 

No technical sessions have been sched- 
uled for Thursday afternoon so that mem- 
bers and guests of the AMERICAN WELDING 
SocrETY may attend the industrial ex- 
hibits at the Public Auditorium 

One of two simultaneous technical 
sessions on Friday morning, the 25th, 
will be devoted to metallurgical aspects of 
welding. At a second session on the rail- 
road industry, the use of welding in tank 
car and passenger car construction will be 
covered in detail. 


Special Events 


In addition to the technical sessions at 
the Hotel Cleveland, and the welding 
exhibits which will be presented at the 
Public Auditorium in conjunction with 
other cooperating societies of the National 
Metal Congress and Exposition, other 
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features for this year’s meeting include 
the President’s Reception on Sunday after. 
noon, October 20th, the presentation of 
medals and awards on Monday morning, 
the Annual Banquet on Thursday evep- 
ing, and the plant inspection trip on Fri- 
day afternoon. 

Since a record attendance is expected, 
members and guests who are planning to 
attend this meeting are urged to make 
their reservations now, direct with the 
Hotel Cleveland. Those desiring a copy 
of the complete program can obtain one 
by writing the AMERICAN WELDING 
Society, 33 West 39th Street, New York, 


COMMITTEE ON PERMANENT 
FUNDS 


By a recent addition to the By-Laws 
of the A.W.S., provision was made for 
appointment of a committee to be known 
as the Committee on Permanent Funds 
This new sub-section of the By-Laws out 
lining the duties of the committee is 
quoted below: 

“A Committee on Permanent Funds 
consisting of five members each serving 
for five years. The appointments shall 
be made in such a way that one member 
shall retire at each Annual Meeting. The 
member senior in respect to service shall be 
Chairman. 

‘Funds turned over to this Committee 
by the Board of Directors shall be in its 
custody for safe-keeping, investment, 
or reinvestment. All acts of the Com 
mittee shall require the favorable vote of at 
least four members of the Committee 

“No disbursement shall be made from 
these funds except upon a favorable vote 
of at least two-thirds of those present at a 
meeting of the Board of Directors called 
for that purpose at which a quorum is 
present. 

‘A notice of the meeting shall be sent to 
each member of the Board of Directors at 
least two weeks before the date set for 
the meeting. The notice shall set forth 
the reasons why the disbursement 1s 
proposed. 

“The Committee shall keep full and 
accurate accounts of receipts and disburse- 
ments in books belonging to the Society, 
and shall render a financial statement 
the Board of Directors annually, or oftener 
if requested.” 

Committee on Permanent Funds was 
appointed by President Horton July 3v, 
1940, with the following personnel: 
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AMERICAN CHAIN DIVISION 
AMERICAN CABLE DIVISION 
ANDREW C. CAMPBELL DIVISION 

FORD CHAIN BLOCK DIVISION 


HAZARD WIRE ROPE DIVISION 


PAGE STEEL AND WIRE DIVISION 


ADVERTISING 


READING-PRATT & CADY DIVISION 
MANLEY MANUFACTURING DIVISION READING STEEL CASTING DIVISION 
OWEN SILENT SPRING COMPANY, INC WRIGHT MANUFACTURING DIVISION 


In Conado 
DOMINION CHAIN COMPANY, LTD. 
in England 
BRITISH WIRE PRODUCTS, LTD 
THE PARSONS CHAIN COMPANY, LTO. 
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@ The popularity of Page Hi-Tensile cep’? 1S founded jargely the 

ability of this versatile electrode to fit 4 wide range of jobs and of working F 

conditions. ° Hi-Tensile is fast, smooth running that used 

equally well on horizontal, yertical and overhead jobs. Good for work in 9 

tight places: Especially well suited for work in Cro-Man-Sil, Cor-ten, 

Bi. 50 and other new alloy steels: ° Let yout local Page distributor give 

you all the interesting facts. 

BUY acco QUALITY jin Page Welding Electrodes: Page wire Fence Tru-Lay preformed 

Wire Rope Reading-Pratt & Cady Valves; Campbell Abrasive Cutting Machines: Amer- : 

jcan Chains; wright Hoists, Cranes and Trolleys: 

pAGE STEEL AND WIRE pivisioN MONESSEN, PENNSYLVANIA 

A 

M E CAN See our exhibit, National Metal * 

H Al N & Expositions Booth G-+ 
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F. M. Farmer, Chairman (Term exp. 
October, 1941) 

H. O. Hill (Term exp. October, 1942) 

L. S. Moisseiff (Term exp. October, 1943) 

R. S. Donald (Term exp. October, 1944) 

A. G. Oehler (Term exp. October, 1945) 


TRAINED MEN 


There is an anomaly in this industrial 
mobilization of aviation. The aircraft 
factories need men—badly. Millions of 
men need jobs—badly. Yet only a small 
percentage of those who line up outside 
employment offices find work. 

The reason? Inside the gate-house 
office at the great Glenn L. Martin Com- 
pany, some twelve miles east of Baltimore, 
one finds the answer. Calm, stocky 
Daniel W. Siemon, Martin’s personnel 
chief, looks out the window at the long 
queue of men inching toward the gate and 
shakes his head. 

“‘We need craftsmen and engineers,” 
he explains. ‘‘There is not much room 
here for inexperience. Show me an ex- 
pert machinist, a tool-maker, a sheet- 
metal operator, a welder, a fitting maker, 
a wood-tool maker, or a skilled inspector in 
that line and I’ll have him in here so fast 
it will make his head swim. Or if you 
can tell me where I can find some aero- 
nautical or mechanical engineers, or tool 
design experts, you will receive a rising 
vote of thanks. Every man out there 
will get a hearing, but we are looking for 


sound bases of training on which to build 
aircraft specialists.” 


A. S. M. E. MEETINGS 


An increased tempo in the design and 
manufacture of materials for national- 
defense purposes has brought with it 
many problems which can best be solved 
through discussion by groups of engineers. 
To provide opportunities and facilities 
for such discussions is one of the main ob- 
jectives of The American Society of Me- 
chanical Engineers, an organization of 
15,000 members. 

Starting in September, each of its 71 
Local Sections, located in the principal 
industrial areas of the nation, will sponsor 
several local meetings on the engineering 
problems of national defense and invite 
those present to make recommendations 
for their solution. 

The parent Society is planning a series 
of national regional meetings which will 
bring together the outstanding engineers 
and manufacturing executives of the 
country to discuss the engineering phases 
of the various elements of defense. Dates 
and places of these meetings, as announced 
by Warren H. McBryde, President of the 
A. S. M. E., are as follows: 

Sept. 3-6, 1940; Fall Meeting, Hotel 
Davenport, Spokane, Wash. 

Nov. 7-9, 1940; Joint A. S. M. E.- 
A. I. M. E. Meeting on Fuels, Hotel 
Tutwiler, Birmingham, Ala 


Dec. 2-5, 
Meeting, Hotel Astor, New York, N. y 


1940; Sixty-First Annua 

Apr. 1-3, 1941; 
lanta, Ga 

June 16-20, 1941; Semi-Annual Meet. 
ing, Kansas City, Mo. 

Oct. 12-15, 1941; Fall Meeting, Louis. 
ville, Ky. 


Spring Meeting, At. 


LINCOLN PUBLISHES BOOK oF 
LESSONS FOR ARC WELDERS 


Lessons in Arc Welding, published by 
The Lincoln Electric Co., Cleveland, Ohio 
144 pages 6 x 9 inches; over 100 illustra. 
tions, including photos and drawings. 
cover semi-flexible, simulated leather, gold 
embossed. Price is 50 cents per copy, 
postage prepaid anywhere in U. S A 
Elsewhere 75 cents. 

This book will be found helpful not only 
by beginners learning to arc weld but also 
by experienced welders desiring the com- 
prehensive practical information contained 
in the volume, also by welding officials, 
such as supervisors, foremen and instruc- 
tors, and others seeking a ready reference 
to fundamental information on arc welding 
and a guide to its proper application. 

Lessons in Arc Welding is a series of 5] 
lessons, based upon experiences of Arthur 
Madson, instructor of The Lincoln Arc 
Welding School, presenting in concise 
manner fundamental facts of welding, 
knowledge of which will enable the welder 
to utilize the welding process successfully 
and economically. 
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VERY metallurgical precaution is 
E taken to assure the uniform com- 
position and unvarying high quality of 
Anaconda Welding Rods. 

Thousands of foremen, welders and 
helpers prefer them to all other brands. 
They help good workmen do good work. 

There are eighteen different Anaconda 
Welding Rods...a suitable one for every 


gas or electric bronze-welding purpose. 
Available through leading distributors. 
Usually shipped in bulk, but also obtain- 
able in clearly labeled 10-lb. packages. 
Our new publication B-13, 

mailed on request. 


Visit the Copper & Brass Industry Exhibit in the 
Hall of Industry, New York World's Fair, 1940 
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To reduce oxygen and acetylene consumption, 


to easily maintain the ideal flame, 


be sure to 


for acetylene — for oxygen the two stage regulator often serves 
best \\ D A die forged Tobin bronze tension screw 


with large, polished, stainless steel ball end 


sheridized steel inlay sleeve @ } for thread protection 


die forged body and spring housing make 


> 
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use the best possible regulators and 
look for maximum safety —and their ability to stay on the job 
j 
ie longer. \ Fars The single stage regulator is adequate 
2 
a these regulators serve you longer | 4 } Diaphragm ; 
| cushion and stops prevent excessive up-and-down 
670 CC“ 


BER 


movement 


Seat mechanism swings freely is self-aligning 


=) 
and eliminates binding VV Seat as easily exchanged as 
& 
loading a gun High pressure gas moves with 


Circular equalizing chamber prevents +. 4 }- impact friction 


compression heat of residual gases. 


and dissipates 


Write for beautifully illustrated and fully descriptive regulator 


107 Atlantic Avenue y¢ Toronto 
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ont 
(©) minimize need for diaphragm replacement. 
| 
the seat é instead of pushing against it sg 
catalog VL yr Vietor Equipment Company 844-50 
=| 
j 
Distributing points from Coast to Coast. 
eee in Canada: Hollup Corporation, Ltd. 
| 
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NEW PERIODICAL ON METAL 
SPRAYING 


Metallizing Engineering Co., Inc., manu- 
facturers of Metco Metallizing Equip- 
ment, announces the first issue of METCO 
NEWS-—a periodical devoted entirely to 
the latest developments and applications 
of the metal spraying process. All those 
actively engaged in the maintenance, 
salvaging or manufacture of metal prod- 
ucts or equipment may receive this and 
ensuing issues, without cost, by writing 
to the publishers at 21-07 41st Avenue, 
Long Island City, New York. 


UNITED STATES CIVIL SERVICE 
EXAMINATIONS 


Chief Engineering Draftsman (Aeronau- 
tical), $2600 a year 


Principal Engineering Draftsman (Aero- 
nautical), $2300 a year 


Senior Engineering Draftsman (Aeronau- 
tical), $2000 a year 


Engineering Draftsman (Aeronautical), 
$1800 a year 


Assistant Engineering Draftsman (Aero- 
nautical), $1620 a year 


Announcement No. 82 is_ hereby 
amended to extend the closing date for re- 


DEPENDABLE 


ceipt of applications. Applications will be 
rated as received at the office of the United 
States Civil Service Commission, Washing 
ton, D. C., until June 30, 1941, and certi- 
fication made as the needs of the service 
require; except that if sufficient eligibles 
are obtained, the receipt of applications 
may be closed before the date specified, in 
which case due notice will be given. 

A subsequent application will not be ac- 
cepted from any applicant within 3 months 
of the date of receipt of his preceding ap- 
plication under this announcement. 

When an applicant who has been rated 
eligible in this examination for any of the 
grades listed above files a subsequent ap- 
plication, but is found ineligible for a 
higher grade than that for which he has 
been rated, his application will be canceled 
and no additional rating will be assigned 
him in the grade for which he is already 
eligible. 


QUALIFIED PERSONS ARE URGED 
TO APPLY AT ONCE, 


HEATING RESEARCH PROGRAM 


Old Sol has given the air conditioning 
engineer an intricate problem where walls 
of glass block construction are specified. 
The question is—how much additional 
cooling capacity must be provided in an 
air conditioning system to compensate 
for the solar heat transmitted through 


glass blocks? 
obtaining such fundamental engin ring 
data the Committee on Research of th, 


American Society of Heating and Ventila; 


To assist the engin 


4 

ing Engineers outlined a research p: 

utilizing a miniature house for iny 
tion at its own Laboratory in Pittsbu; 

In addition to maintaining its own R 

search Laboratory where the glass blo 


gTan 


iga 


tests were conducted, the Society’s ( 
mittee on Research of which A. E. Sta 
Jr., New York, N. Y., is Chairma: 
actively sponsoring cooperative investiga 


tions in several colleges and universit; 
and at the present time research work of 
this character is in progress at twely 
institutions. These research studies dea] 
with fundamental engineering problems 
such as frictional flow of hot water in larg: 
size pipes, corrosion in steam heating sys. 
tems, friction of air in ducts, air distriby 
tion from inlets and outlets, performanc 
of radiators and convectors, sound trans 
mission in ducts, efficiency of air cleaning 
devices, fundamental properties of cooling 
towers, deviations of air-water mixtures 
from laws of perfect gases and physio 


logical reactions of people to different en- 


vironments. 


AIR REDUCTION DISTRIBUTCR 


Air Reduction takes pleasure in an 
nouncing the appointment of Larry 
Dunham Motor Supply, 213 West Coffe 


Street, Greenville, S. C., as distributor in 


EFFICIENT 


ECONOMICAL 


FOR WELDING and CUTTING 


Lincoln Building 
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Use National Carbide in the Red Drum 
NATIONAL CARBIDE CORPORATION 


New York, N. Y. 
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ROEBLING 


the custom-made wire 
for exacting welders 


%& BARE WELDING ELECTRODES 


%e COVERED WELDING ELECTRODES 


%& GAS WELDING WIRE 


ROEBLING WELDING CABLES: 
Made in a complete line of rubber and braided 


types for arc welding purposes. 


JOHN A.ROEBLING’S SONS COMPANY,TRENTON,N.]. 


Branches in Principal Cities 


ONLY A FINE PRODUCT MAY BEAR THE NAME ROEBLING 
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PLAN ATTEND THE 


Butt-welding throughout gives this 1,000,000-gal. 
stand-pipe at Stamford, Conn., a smooth, modern 
appearance. 


The Hortonspheres and Hortonspheroids shown 
; below are for pressure storage. Welded construc- 
ay tion increased the use of this type of structure. 


WELDING CONFERENCE 


TENTATIVE PROGRAM 


Headquarters: CLEVELAND HOTEL, CLEVELAND, 0. 


MONDAY, OCTOBER 21 
PRESENTATION OF MEDALS AND PRIZES 


TECHNICAL SESSIONS 
Shipbuilding and Structural 
Steel Mill Industrial Research 


TUESDAY, OCTOBER 22 
TECHNICAL SESSIONS 
Machinery Fundamental Research 


WEDNESDAY, OCTOBER 23 
TECHNICAL SESSIONS 
Combined Fundamental-Industrial Research 
Resistance Welding Structural 
THURSDAY, OCTOBER 24 
TECHNICAL SESSIONS 
Pipe Welding 
Procedure Controls and Special Applications 
COMMITTEE MEETINGS 
BANQUET 
FRIDAY, OCTOBER 25 
TECHNICAL SESSIONS 
Metallurgical Railroad 
BUSINESS MEETING 
INSPECTION TRIP 


The development of welding has made new types of steel 
plate structures possible. It has also permitted many familiar 
structures to be built in improved designs, increasing their 
efficiency and giving them a more pleasing appearance. 

The American Welding Society has done much to further the 
general and technical knowledge of the art of welding. It 
makes available a wide variety of information on the subject 
to those who attend the Welding Conference. 

The Chicago Bridge and Iron Company attempts to keep 
abreast of the times by making use of the latest and best methods 
of construction available. Welding has brought about many 
changes in our fabricating and erection procedures. It enables 
us to give our customers a better product. 
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This butt-welded and stress-relieved 
vessel operates under high pressures 


4 
ill-welded tanks like these are Vhis radial-cone bottom tank at Indianapolis has a butt-welded bottom, 
easy to paint and to maintain shell and roof. It is supported on welded tubular columns 


3 
| 4 
| 
4 
t 


lhe elevated Watersphere at Longmont, Colo., holds 100,000 gallons. 4 Welded blast furnace stoves are less 
design of this type would not be economical to build without welding subject to corrosion and easier to paint 
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the Greenville trading area for oxygen, foot lead derricks, fabricated with the aig Fl 
acetylene, oxyacetylene welding and cut- of the arc welders, for the pile drive; were 
ting apparatus and supplies. also used. 


NICK-BREAK PROCESS 


Mr. C. J. Holslag of the Electri Are 
Cutting & Welding Co., has furnished th 
AMERICAN WELDING SOCIETY with some 
interesting information on the Nick-Rr, ak 
process. Mr. Holslag states that during 
the last war batteries of twenty-five to 
thirty hack-saws were replaced by this 


Larry Dunham Motor Supply will carry 
a comprehensive stock of Airco equipment 
and will be able to supply the needs of 
users of the oxyacetylene welding and 
cutting processes in their territory 
promptly and efficiently. 


e 


FATIGUE TRANSLATION 


- method This process was used in this q 
Through the courtesy of Babcock & country, Canada and England 
Wilcox Co. several copies ofa translation Photo courtesy General Electric Co. The deseaming indicated is accom 
of a SOCERt German article are available Driving Head Used to Distribute Shock of Pile plished with an electrode whose cov: ring ’ 
for loan. The article is entitled “Dimen- Driver contains oxygen-liberating compound. _ ’ 
sioning of Fillet Weld Connections for 


Stressing in Alternating Bending.” The 
authors are A. Thum and A. Erker, and 
the article was published in VDI-Zeit- 
schrift, 83, 1293-1297, Dec. 23, 1939. 


having '/2-inch wall, which was welded 
into 75-foot sections. For the West 
Third Street and Columbus Road bridges, 
additional sections were welded to this 
original length in order to drive the pipes 
170 feet into the ground and into one foot 
of bedrock. The terrific stresses to which 
the joined parts were subjected during this 
Welding played a large part in the re- operation testify to the strength of the 
cent foundation construction of three welds, 
Cleveland bridges by the Western Founda- After the pipes for these bridge founda- 
tion Company, Chicago, Ill. So large a tions were driven, I-beams were placed 
part, in fact, that this company had to inside them and concrete poured to com- 


WELDED PILES 


keep its two home-made engine-driven, plete the piles. A top plate was then Def 
300-amp. are welders going continuously welded over each pipe and beam. ” cost 
for three months, three shifts a day, with- Driving operations in this case, were dow 
out even a shut-down between shifts. aided by welded driving heads, which “ 
Piles for the foundation of the Carter were placed over the pipe sections being CUTTING SHELL STOCK AT RATE OF 10500 0E@ DAY DEP wacvm has 
Road Bridge were formed of 30-inch pipe driven to absorb the shock. Seventy-five OF MERE OF MOCKING WITH Tee ELECTOR. anc wot 
bee: 
of f 
RESO 
} WELDING AND CUTTING EQUIPME A 
@ Welding Torches wel 
@ Cutting Torches 
@ Economizers 
indi 
@ Outfits la 
FOR PLUS PROFIT SPECIFY REGO 2 
Send for Catolog R-120— with o 
specifications you equipment. 
highest quality welding 
The Mallory Ejector Type Holder sets a new -BASTIAN- BLESSING mn 
high for time saving in using Tapered Shank Tips. 282 E. ONTARIO 7 
With these holders, tips are instantly removed by asse 
a light hammer blow on the hose-attachment end. tan 
It will not damage either the holder or tip. met 


These holders are furnished with standard barrel 
lengths of 8” and other lengths from a minimum 
of 4” (barrel length) are available on quotation, 


Write today for complete information. 


P. R. MALLORY & CO., Inc. 


INDIANAPOLIS INDIANA 
Cable Address—PELMALLO 


PR. MALLORY CO. inc 


ALLOR 
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Buy ‘‘Proven Fluxes” with Years of 
Guaranteed Satisfaction behind them 


The Trade-Name is *“*ANTI-BORAX”’ 
Ask for Them Unequalled for Quality 


A Flux for every metal: Cast Iron Welding Flux 
Ne. 1.; Brazing Flux No. 2; Braz-Cast Flux No. 4, 
for bronze-welding cast iron; “ABC” Aluminum 
Flux No. 8 for sheet Aluminum and all alloys of 
Aluminum; Stainless Steel Flux No. 9; Silver 
Solder Brazing Flux No. 10; *‘Anti-Borax” Tinning 
Compound No. 11. 


Send for Free Samples 


ANTI-BORAX COMPOUND COMPANY 


Fort Wayne, Indiana 
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FASTEST 


KROWN METHOD 
OF METAL FABRICATION 


@ American industry, in preparing for our National 

Defense Program, must adopt modern, time-saving, 
cost-saving methods and can benefit by many proven 
developments of the last decade. Resistance welding 

has made notable strides to these ends in the metal 

working industries over even a longer period. Man-hours have 
been reduced time and again in certain plants where this method 
of fabrication has been installed, while savings in production 
costs run up to 60% to 70% in many instances. 


America is fortunate today in having this highly developed 
welding available for faster assembly and fabrication of aircraft, 
motor cars and trucks, railroad equipment, naval craft, munitions, 
industrial machines, etc. These savings in time and money can 
play an important role in many plants 
wishing to speed up production of 
materials for national preparedness. Annual Meeting of the 


American Welding Soci- 


ety—held in conjunction 


with the National Metal 
If you are confronted with a metal 
assembly problem, investigate resis- 
tance welding. Consult any of the 


member companies here listed. 


WELDER 


MANUFACTURER'S ASSOCIATION 
505 Arch Street Philadelphia, Pa. 


welding of kinds. 
Drop in at our Booth B-32 


and meet your friends. 
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MEMBER COMPANIES 


Eisler Engineering Company, Newark, N. J. 

Expert Welding Machine Co., Detroit, Mich. 

Federal Machine and Welder Company, Warren, 
Ohio 

Multi-Hydromatic Welding and Manufacturing 
Co., Detroit, Mich. 

National Electric Welding Machines Co., Bay 
City, Mich. 

Progressive Welder Company, Detroit, Mich. 

Swift Electric Welder Company, Detroit, Mich. 

Taylor-Hall Welding Corporation, Worcester, 
Mass. 

Taylor-Winfield Corporation, Warren, Ohio 

Thomson-Gibb Electric Welding Co., Lynn, 
Mass. 

Welding Machines Mfg. Co., Detroit, Mich. 

Acme Electric Welder Company, Los Angeles, 
Cal. 

American Electric Fusion Corporation, 
Chicago, Ill. 


ASSOCIATE MEMBER COMPANIES 


Electroloy, Inc., New York City 

Welding Sales and Engineering Co., Detroit, 
Mich. 

P. R. Mallory and Co., Indianapolis, Ind. 

S-M-S Corporation, Detroit, Mich. 
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ARC WELDING ON NEW BUILDING 

Are welding takes a hand in the con- 
struction of the new building of Harron, 
Rickard and McCone, Los Angeles ma 
chine tool dealers. The building is of 
rigid-beam, steel-frame type with monitor 
and five-ton crane runway. The fabrica 
tion and field welding was done by the 
Associated Piping & Engineering Com- 
pany, Ltd., of Los Angeles using motor- 
driven sets for the shop welding and gaso- 
line-engine driven sets for the field work 
Approximately 2500 pounds of electrodes 
were required for the job. 


Photo courtesy General Electric Co 

Arc Welded Fabricated Rigid-Beam Steel 

Frame Being Erected for Building With 
Monitor 5-Ton Crane Runway 


WELDED CRANES 


The Cleveland Crane & Engineering Co., 
Wickliffe, Ohio, have furnished two special 
cranes of unusual construction to the Navy 
Department, Bureau of Yards and Docks 
for Navy Yard, Portsmouth, N. H 

The cranes have a cantilever extension 
which makes it possible for the trolley to 
go beyond the crane runway and convey 
loads into the adjacent bay. The crane 
bridge is underslung so as to permit the 
trolley, when traveling into the next bay, 
to clear under the runway girder 

This type construction makes it easy to 
transfer material from one bay to the other 
without any handling between required. 

The construction is all-welded steel 
throughout with all bearings of the anti- 
friction type. Spring-type bumpers are 
provided for trolley and one side of bridge. 
Gear cases are oil-tight. Bridge wheels, 
gears and pinions are of tool steel 

The cranes are operated from a closed- 


For 


SHAWINIGAN 
CARBIDE- 


OXY-ACETYLENE WELDING 
AND CUTTING OF METALS 


SHAWINIGAN PRODUCTS 


Welded Crane 


type cab mounted on the end of bridge 
opposite from bridge extension. 

The capacity of the crane is 5 tons and 
span approximately 37 feet. Vertical 
travel of hook is 86 feet. Speeds are hoist- 
ing 40 f.p.m., trolley 100 f.p.m. and bridge 
350 f.p.m. 


WELD DESIGN GOES THE LIMIT 


In the construction of the welded pump 
chamber, pump shaft and sump there is an 
unusual variety of joint types to challenge 
the workmanship of the plate fabricator. 
The pump chamber is a 21-foot diameter 
sphere which connects to a 10-foot diam- 
eter cylinder (the pump shaft) so that the 
center of the sphere is 12 feet distant from 
the center line of the cylinder. 

Eighteen pieces are required for the 
sphere. Two dished pieces make up the 
crown section, the main section is made 
up of twelve orange peel sections, and the 
connecting section to the cylinder is made 
in four pieces. 

The cylinder, 31'/. feet long, is a single 
ring of four plates. Three plates are split 
at the intersection of the sphere and the 
cylinder, making a total of seven pieces. 
One end of the cylinder is prepared for 
field welding and the other end closed 
with */s-inch plate. The chamber and 
cylinder are completely shop assembled. 

The sump consists of a 4-foot by 1!/2- 


inch diameter tube with a tangent por 
tion. The center line of the sump is 6! 
feet from the center line of the cylinder 
The sump, which is completely s} 
welded, projects 2'/2 feet beyond 

end of the cylinder and at that point bx 
comes a full cylinder itself. The ends ar 
enclosed with */s-inch plate. 

All plate material in the structure has 
s-inch wall thickness. The sphere and 
cylinder are shipped knocked down for 
field welding. Field welds are all #0) 
single-V butt welds. 


10D 
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Photo courtesy Wilson Welder and Metals ( 
This Novel Appearing Structure Illustrates 
How Far Designers Are Able to Go in Are- 
Welded Fabrications Which Involve Complex 

Assemblies of Curved Shapes 


SAVE MONEY ...BY WELDING 


Jaw Plates, 
Crushers, Shovel Teeth, Hammers, 
Tractor Tread Grousers 


MANGANAL 


Reg. U. S. Pat. Office. U.S. Patents 


11 to 13% Manganese Nickel Steel 


Gyratory and Roll 


with 


CORPORATION 
EMPIRE STATE BUILDING 
NEW YORK,NY. 


WELDING ELECTRODES, WEDGE and 
APPLICATOR BARS, HOT ROLLED PLATES 


STULZ-SICKELS CO 134-142 Lafayette St., 


Newark, N. d. 


Sold Thru Distributors Only 
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YOUR PRODUCT 


. . . build it Faster, Lighter, Stronger, 
Cheaper, to Wear Longer and Look 
Better with 


ROLLED STEELS 


ELDED rolled steel construc- 

tion is a ‘natural.’ That’s why it 
has gained a wide acceptance in such 
a comparatively short time. Designers, 
fabricators and welders were quick 
to see that rolled steel construction 
placed at their disposal the entire 
range of metallurgy’s special steels — 
permitted them to use these steels 
combined with one another, or with 
plain steels or castings, to improve 
their product and reduce its cost. 

It will pay you to investigate the 
advantages that can be obtained with 
the special steels we offer for rolled 
steel construction: U-S-S Cor-Ten 
to resist corrosion and Cor-TEN and 
Man-TEN to reduce weight or increase 


In large or small gear fabrication, rolled steel and 


strength; U-S-S Abrasion Resisting 
Steel for use where abrasive conditions 
are exceptionally severe; U-S-S Heat 
Resisting Steels to combat high tem- 
peratures; U-S-S Stainless Steels to 
resist corrosion of all kinds; and 
U-S-S Carilloy Alloy Steels to carry 
tremendous bearing pressures. 

The photographs on this page illus- 
trate the wide range of applications to 
which Rolled Steels are being put. 
We'll be glad to give you further in- 
formation on these and many more 
jobs. Or, if you desire, a rolled steel 
specialist will talk with you personally 
about your own product—show you 
how, where and why construction with 
U-S-S Rolled Steel can improve it. 


Welding speeds construction of limestone cars. . . 


Rolled Steel and Castings effectively combined in 


welded construction can cut fabricating time and 
costs and give the gears longer life and greater 
Strength. Records in our files show savings of 25% 
and more achieved with this type of construction. 


fives them longer life. The right steels, used in this Roller Leveler. Savings in time resulting trom 
the right place, equip these cars for heavy duty this type of construction amounted to approximately 
service. Rolled steel construction lengthens their life, 50% over the previous method used. Weight was 
cuts weight and consequently reduces operating costs. cut 15%, cost reduced 5%. 


CARNEGIE-ILLINOIS STEEL CORPORATION, Pittsburgh and Chicago 
COLUMBIA STEEL COMPANY, San Francisco 
TENNESSEE COAL, IRON & RAILROAD COMPANY, Birmingham 
United States Steel Export Company, New York 


This symbol represents 

the highest quality, 

the finest metallurgical 
Service. 
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FABRICATING GEAR REPLACE- 
MENT 
When a 6-foot, cast-iron punch press 
gear failed recently, the Menna Welding 
Company, Toledo, Ohio, saved its owner 
at least $100 and perhaps three weeks’ 
production time by fabricating this re- 


Photo courtesy General Electric Company 


Arc-Welded Fabricated Gear, 6Ft. in Diameter, 
for Punch Press 


placement of boiler-plate steel. With the 
aid of a 500-ampere a.c. are welder, the 
welding of this replacement was completed 
in 12 hours. 


India to the 
FOOTE'S 


“wr OZ-A>OnN VOW 


Ilmenite 


Airfloated Rutile 


[FOOTE 


Ferro Titanium 


MINERAL. 
COMPANY. 


1612 SUMMER STREET 
PHILADELPHIA, PA. 


AEROSPHERE 1939 


Aerosphere 1939, edited by Glenn D. 
Angle. 8'/2 in. wide by 114/, in. deep. 
Blue Buckram binding. 1420 pages, 2055 
illustrations, on heavy coated paper. 
Weight 12 lb. 4 oz. packed for shipping. 
Price per copy $15.00, plus shipping 
charges. Aircraft Publications, 370 Lex- 
ington Avenue, New York City, U. S. A. 

The Engine section of Aerosphere de- 
scribes over 1200 distinct designs totaling 
approximately 3000 models and portrayed 
in 1524 illustrations. The 644 firms or 
individuals who developed these engines, 
the sum total of international aircraft 
engine endeavor of all time, resided in 24 
countries. Some 286 of them were in 
America, being more than in England, 
France and Germany combined, 

The Aircraft section describes the 72 
models of planes currently being turned 
out by 217 manufacturers in 26 countries 
(379 photos). 

The Directory section lists over 2000 
American organizations, over 4500 foreign 
organizations. 

Aerosphere’s Modern Aircraft section 
will have an immediate appeal to every- 
one. It presents photographs and de- 
scriptions of all the aircraft currently pro- 
duced in every country of the world. The 
accompanying text sets forth the model, 
the specifications, construction details, 
listing of standard equipment and instru- 
ments, performance figures, engine, etc. 

Set out in attractive array are the Hein- 


kels, the Messerschmitts, the Spitfires, the 


Wellesleys, the Airacobras, the C irtiss 
Hawks and ail the planes currently mep. 
tioned in the world’s newspaper headlines 

Statistics, which total some 63 pages, 
give international and American ; cords 
passenger miles flown, engine and plane 
production, causes of accidents, exports 


and imports, etc. 

Perhaps one of the most sorely needed 
tools in aeronautics has been a usable 
International Trade Directory. One of 
Aerosphere’s important contents js just 
such a Directory, totaling 274 pages and 
set up for the easiest possible reference. 

First listed in alphabetical order are all 
firms and organizations in any way affilj- 
ated with aviation, their address, persop- 
nel, branch offices, export representatives 
products made, etc. This is followed by 
the Product section, where listed under the 
name of each product used in the construc 
tion or operation of aircraft are the names 
of the firms making that product. All the 
principal countries in the world are coy 
ered. 

Among the divisions in the American 
section are Aircraft, Aircraft Engines, 
Aircraft Accessories, Aircraft Engine Ac- 
cessories, Fabricated Aircraft Parts, Fab- 
ricated Engine Parts, Fuels and Lubri- 
cants, Materials and Supplies, Machinery 
and Shop Supplies, Airport Equipment, 
Commercial Air Transportation, Aircraft 
Operations, Airports, Schools, Aeronauti 
cal Publications, Aviation Insurance, Con- 


sultants and Research and Armament 


NET ADVERTISING RATES 


Black and White 


Effective May 1938 


i 
One | Three Six Twelve 
Space Insertion | Insertions Insertions | Insertions 
*Full Page $100 | $90 | $80 $70 
Half Page | 60 50 45 40 
| 
Refining Ilmenite with a cross belt Quarter Page | 35 30 a1 | 2 
magnetic separator for shipment from 
Foote Mineral Company. 
Righth Page =| 25 | 20 15 
| 
TITANIUM COMPOUNDS | | 
*Inside Preferred; 115 | 105 % | 
Titanalba 


*10% Extra for bleed full pages. 
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Top }—At the Boeing Aircraft Co., Seattle, Washington, a 
Federal Spot Welder is used for making long sheets of alu- 
minum alloy by “stitching” smaller sheets together. Finished 
work is shown on the roll at the left. 


Right’—One of two Federal combination spot and seam 
welders used by the Lockheed Aircraft Corp., Burbank, Cali- 
fornia, for assembling secondary structures such as motor 
cowlings, paneling, doors, etc. The welder shown is built with 
special 53 inch electrode arms to accommodate extra large 
sheets of aluminum and stainless steel. 


SPOT AND SEAM WELDERS 
“STITCHING” AIRCRAFT PARTS 


Boeing, Lockheed, Douglas . . . the list of users 
of Federal Welders in the aircraft industry is a 
list of the country’s leading manufacturers. In 
producing the thousands of sub-assemblies that 
go to make up a modern all-metal plane, Fed- 
eral Welders are chosen for their speed, their 
versatility and their ease and accuracy of con- 
trol. Write Federal engineers for help and in- 


formation on modern welding practice. 


In England, made by British Federal Welder 


Welding Machine literature 
is available. Inquiries given 
Prompt attention. 


SALES OFFICES IN 
& Machine Co. Ltd., Dudley, England WARREN, OHIO ALL PRINCIPAL CITIES 
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... 8 per cent 
Faster Deposition 


ERE is a fully approved, reverse-polarity, all-position 
electrode for shielded-arc welding of mild steel in any 
position including vertical and overhead. Type W-22 
provides the extra penetration needed for heavy work 
in order to get thorough fusion into the root of the joint. 


Your operators will find the ‘“‘wetting characteristics” of 
the W-22 molten deposit make it especially easy to use 
in making strong fillets of flat contour. 


Welding operators agree, when they use this rod, that 
it is especially 


fast and easy to “‘handle,”’ producing welds of excellent 
contour and appearance. 


Comparisons of carefully measured deposition rates at 
the same power levels (amperes times arc volts) in all 
positions show a difference of 5 to 8% in favor of Type 
W-22 electrode. Over-all welding speed is further increased 
because this electrode is so easy to handle. Molten 
weld metal crosses the arc in a fine spray instead of large 
drops——a feature of great help to the operator in making 
uniform welds and in avoiding any tendency of the 
electrode to stick to the work, especially on vertical and 
overhead joints. 


PLEASING APPEA 
OBTAINED WITH THE W-22 ELECTRODE 


The flat contour of deposit obtained ape Type a. 

helps to avoid stress concentrations by pienispss sc 

evenly. It also avoids the waste 
r—a saving whic 

pul pay on overhead The 

penetration into the root of the joint 

strength, and the even ripple of the head produ 


finish of which any operator can be proud. 


RANCE AND FLAT CONTOUR 
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QUALITY WELDS 


Approvals: This electrode is approved by: 
Bureau of Marine Inspection and Navigation 
American Bureau of Shipping, Groups H1G and A 
B1G 


Lloyds’ Register of Shipping, Section 4, Par. 1-9. It 


Qualifications, it will meet: 


A.W.S. Filler Metal Specification E-6010 


.S.M.E. Boiler Code, Paragraphs U-68. 


will meet the requirements of U. S. Navy Specifi- 


Complete engineering data and test results of weld- cations 22-W-7, Class 1, and is permitted on work 


ing speeds, physical qualities, etc. are available requiring approval of Hartford Steam Boiler In- 


through your local G-E arc welding distributor or spection and Insurance Company. 


G-E Sales Office. Call or write them today for a free 


demonstration of this electrode applied to your 


own work. 


obtained on multi-pass joints with the General Electric 


Here is an example of the excellent finished appearance ’ 
shielded-arc electrode, Type W-22. i 
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Immediate delivery of Type W-22 electrode, 


Type W-22 is today’s best answer to the profit 
formula for electrodes: MAXIMUM DEPOSITION 


RATE « MAXIMUM USABILITY = MAXIMUM 
WELDING SPEED 


as 


well as any other in the full line of G-E electrodes, 
can be made from local stocks held by G-E arc 


welding distributors right in your own territory. 


Local deliveries are further backed by direct-from 


factory shipments. NO DELAY! 


General Electric Co Sect. C 673-14 
Schenectady, N. ¥ 


Gentlemen 
Ph sd me, free of charée the items I have checked below 
lease senda m 
Speed Welding With The W-22 Electrode S-2510 
Speec 


G-E's New Electrode Bulletin GEA-I5S46F 


Address 


Company 
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NEW PRODUCTS 


The Society assumes no responsibility 
for the validity of claims in this Section 


A.C. WELDER 


This new, A.C. ARCMASTER welder, 
recently announced by the Bear Mfg. Co., 
features a unique multiple coil transformer 
design that assures an even flow of current 
to the electrode, an improved safety con- 
struction that provides complete protec- 
tion of the operator and low cost that is 
at approximately the same price level 
as single coil transformer arc welders. 


It is stated by the manufacturer that 
the multiple (four) coil transformer con- 
struction with reactance control not only 
levels the peaks and valleys of power vari- 
ation to provide a smooth flow of current 
to the electrode but makes possible a uni- 
form and constant welding voltage with 
calibrated amperage from lowest to high- 
est output. Thus, an operator can in- 
stantly and easily strike and hold a steady 
arc with any size rod. 

Complete Bulletin may be obtained by 
writing direct to the manufacturer. Ad- 
dress the Bear Mfg. Co., Rock Island, III. 


NEW PORTABLE CUTTING 
MACHINE 


The Harris Calorific Co., Cleveland, 
Ohio, announce their new and improved 
Model ‘‘K”’ Portable, Motor-Driven Gas 
Cutting Machine. This is an efficient 
unit for cutting steel of light or heavy 
section. It enables metal working shops 
and manufacturers to replace costly cast- 
ings and forgings with parts quickly flame- 


cut from inexpensive and readily accessible 
steel plate. It also enables shops to ex- 
pand their services and handle work here- 
tofore out of their equipment range. 

The Harris Model ‘‘K”’ is powered by a 
Universal Electric Motor and will cut 
straight lines of any length, with square 
or beveled edges; 1 in.- to 86 in.-diameter 
circles with standard equipment; possesses 
an exceptional speed range from 3 in. to 60 
in. per minute, forward or reverse. An In- 
stant Stop feature (no over-run) permits 
cutting of sharp angles, and a Tracing 
feature provides for cutting irregular forms. 
Convenient switch permits the machine to 
be reversed instantly. 

Many different Harris torches are avail- 
able for this machine to efficiently use 
acetylene, propane, natural gas and other 
fuel gases in combination with oxygen. 
Ask for illustrated folder J-35. 


DUAL VOLTAGE SWITCH FOR 
ARC WELDERS 


The Wilson Welder & Metals Com- 
pany, Inc., has just announced a new 
Dual Voltage Switch for installation on 
are welding machines, such as the Wilson 
“‘Hornet,”’ when they must be used on 
either of 2 line voltages at different times. 
The new device, known as the Type CH 
Dual Voltage Switch, can be used on any 


motor employing A.C. current, provided 
the motor and starter are reconnectable 
for two voltages. 

Normally, adjusting a motor so that it 
will operate at a different line voltage 
requires changing the heater elements, dis- 
connecting and reconnecting the motor 
and magnet coil leads. This operation 
takes anywhere from '/; to 2 hours. 
With the switch installed, however, the 
change can be made in less than a minute. 
Raised figures on the switch base indi- 
cate the line voltage for which the switch 
is set. 

Adaptation of the Dual Voltage Switch 
to different line voltages is simple and fast. 
The center nut is loosened and the top 
cover is rotated until the desired line 
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voltage figures are visible. No 
adjustment is needed. The switch 
then be locked into position for safety 

The Standard Dual Voltage Switch ; 
designed for 220-440 volts of a delta con 
nected motor—the type used on Wilson 
Welders. It reconnects the stator wind. 
ing and also adjusts the holding coil of 
the magnetic starter and heater relays 
Other connections, such as 220-440 volts 
of Y connected motor and of Y delta 
connection (380/220) are all readily ob. 
tainable. 

Further information on the new Type 
CH Dual Voltage Switch can be obtained 
by writing the Wilson Welder & Metals 
Co., Inc., 60 East 42nd Street, New Vork, 
N. Y. 
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PORTABLE BUTT WELDER WITH 
BURR GRINDER 

The Eisler Engineering Co. of 740-770 
So. 135th St., Newark, N. J., has developed 
a new portable Butt Welder with a Burr 
Grinder and annealer mounted on a fabri- 
cated case which is portable. One of its 
many applications is in the repair of 
stranded wire where this unit is used to 
burn out (electrically) the faulty section 
and fuse all the strands, thereby prevent- 
ing the ends from unraveling. The final 
steps are to butt weld the two ends, and 
grind off any burrs that may have ap- 
peared. The grinder has an accurate ad- 
justment to compensate for the wear in 
the abrasive and there are two special 
bushings to guide the stranded wire. 

Metals from to inch diameter 
can be welded. For butt welding other 
sizes of wire or metals, the units are avail- 
able with transformers from 1 kva. up to 
7'/, kva. capacity. Production is in- 
creased because the grinder and annealer 
are in the one compact unit with the Butt 
Welder. 
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HARD-FACING RESISTS 


Hard-Facing Hints 


Z1iNc LADLE — This zinc pouring 
ladle, 20 in. in diameter by 22 in. 
deep, was hard-faced inside and out 
with No. 1 Haynes Stellite rod to 
eliminate iron pickup and resist the 
heat of molten zinc. Before hard- 


facing was adopted the ladles used to burn out in 3 months and 
the zinc contained particles of iron which impaired its purity. 
The hard-faced ladle has already lasted several months and iron 


pickup has been completely eliminated. 


REPLACEABLE 
8" 


HAYNES STELLITE 
DEPOSIT 


Water Coo_ep Pokers—Replaceable noses for gas producer 
pokers last several times as long when they are protected by 
No. 1 Haynes Stellite hard-facing rod. The noses are hard-faced 
all over as shown in the sketch. It is not necessary to finish the 


hard-facing deposit. 


Hard-Facing applications in many industries are described and 
illustrated in the book, “Hard-Facing With Haynes Stellite Prod- 
ucts.” A copy will be sent to you on request. Address Kokomo, 
Indiana, or the nearest district office—Chicago, Cleveland, Detroit, 
Houston, Los Angeles, New York, San Francisco, Tulsa. 


WEAR AND HEAT 


Long Lasting 
Flying Shear Blades 


LADES for flying shears can be 

made at low cost by flame-cutting 
them from 0.40 to 0.50 per cent carbon 
steel plate and hard-facing the cutting 
edges with No. 6 Haynes Stellite rod. 
For best results the cutting edge should 
be grooved as shown in the sketches. 
During the hard-facing operation the 
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blade is tipped up on a 1/2-in. block to 
make the groove slant down toward the 
cutting edge. This helps in producing a 
deposit of Ha¥nes Stellite hard-facing 
rod—applied in two layers—which is at 
least 1/16-in. higher than the adjoining 
steel. The hard-faced blade is cooled 
slowly and the cutting edge is finished 
by grinding to the level of the rest of 
the blade. The hard-faced blade (lower) 
shown in the illustration sheared 50 
heats of red-hot steel; the plain steel 
blade (upper) sheared only 6 heats. 

If you are doing any hard-facing, 
Haynes Stellite engineers and Linde 
service operators can show you many 
short cuts which will help simplify your 
work. Call on them, without obligation. 


Headquarters for Hard-Facing Materials 
HAYNES STELLITE COMPANY 
Unit of Union Carbide and Carbon Corporation 


New York, N. Y. Kokomo, Indiana 


“Haynes Stellite” is a registered trade-mark 
of Haynes Stellite Company 


Attend American Welding Society’s annual meeting . . . . and National Metal Exposition . .. . at Cleveland during October 21 
to 25.... Hear authorities discuss latest developments in hard-facing materials and methods .. . . Exchange ideas with other 
experts .. 


.. Write now for program. 
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ACETYLENE GENERATORS 


The Marquette Manufacturing Com- 
pany of Minneapolis, Minnesota, makers 
of Marquette A. C. Arc Welders and the 
Marquette Arc Torch, announce the 
marketing of four new Portable Acetylene 
Generators. 

Ranging in carbide capacity from 12 
pounds to 50 pounds, these four models 
offer a size and a price to fit the needs of 
all welding shops 


The new Marquettes are small in size 
and easily moved about. All models ex- 
cept the smallest (No. 512) are listed by 
Underwriters’ Laboratories Re-examina- 
tion Service. 

Outstanding advantages to be had ina 
deluxe model of Marquette Generators is 
the high degree of accuracy of control. 
Constant pressure is a prerequisite of good 
welding and these generators have mas- 
tered this difficulty, variations being held 
to within two ounces of its pre-determined 
setting. 

Operation of a Marquette Generator is 
fully automatic once the release cap at the 
top of the generator is given a simple twist 
to begin the operation. No attention or 
watching of the gauge is required on the 
part of the operator. All three models will 
supply sufficient gas for any type or make 
of oxyacetylene welding or cutting torch 


SPOT WELDERS 


The Acme Electric Welder Company of 
Huntington Park, California announces a 


new improved line of foot operated rocker 
arm type spot welders with all welded 
fabricated steel bases and incorporating a 
great many innovations and distinctive 
features. 

The Type 0 with stationary lower horn 
holder and the Type 1 with swivel lower 
horn holder are manufactured in 10, 15 
and 20 kva. capacities and in throat 
lengths of from 12 to 36 inches, complete 
with water cooling equipment. 

A clamping block device retains the 
horns in the horn holders with ideal elec- 
trical contact, yet a half turn of a °/s inch 
diameter set screw instantly releases for 
change of set up. 

Horns are universal double and rever- 
sible, one end machined to hold electrodes 
at 90 degree angle and opposite end 22'/» 
degree angle. 


WELDING GLOVES 


Two new welding gloves have been an- 
nounced by the American Optical Com- 
pany, Southbridge, Mass 

The TX100 glove is a streamlined weld- 
ing glove that presents an entirely new 
idea of comfort, quality, workmanship and 
wear. Made from a very good grade of 
chrome tan horsehide and from a ‘‘gun- 
cut”’ pattern, no seams at all are exposed 
to active wear. The back of the glove is 
one piece, removing any chance of seam 
breakage under extreme heat. The inside 
is insulated with wool. Severe tests have 
proved the worth of this new glove which 
is made in a regular size that measures 
14 inches overall, 5 inches across the palm 
with a 6-inch gauntlet. 

The other new glove, of slightly differ- 
ent design, is made on the ‘“‘gun-cut”’ 
pattern from carefully selected chrome 
tanned horsehide, with a seamless palm 


FLAME HARDENING 


“Flame Hardening Apparatus,’’ a new 
12-page bulletin has been issued by the 
Air Reduction Company. It makes avail- 
able to the metal working industry details 
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on the considerations and apparatus j 
volved in flame hardening surfaces of vari. 
ous forms. This new Airco bulletin de. 
scribed specifically the Airco Style 4389 
Water Cooled Flame Hardening Torch 
and the variety of extensions and types of 
tips available for use with it. It includes 
special equipment such as torch holders, 
adjusting arm and a discussion of the ys 
of the Airco No. 4 Radiagraph, a portabj; 
machine especially serviceable for moun: 
ing the flame hardening torch. 

Copy of this bulletin may be obtained 
by writing to Air Reduction, 60 East 42nd 
Street, New York, N. Y. 


n- 


ELECTRODE HOLDER 


Lower jaw double strength channe] 
type. Strong spring, insulated top and 
bottom. Cable runs through handle to 
lug and is fastened by clamp, which makes 
good solid connection. Upper and lower 
jaws are made of high strength high elec 
trical conductivity bronze that is long 
lasting. Special corrugated fiber handk 
is used, that allows operator to handle 


easily. Fiber thumb insulation is ad 
vantageous. Entire holder is cadmium 
plated. Welding Engineering Com- 


pany, Milwaukee, Wisconsin. 


MARKING ELECTRODES 


It is difficult for a welder to distinguish 
one make of electrode from another 
Some manufacturers have attempted to 
distingujsh their respective types of elec 
trodes by various color combinations, and 
other identifying marks, but this is the 


first time that the name of the manufac 
turer has been imprinted into the flux 
coating. This idea may be carried further 
to the extent of marking on the electrod« 
the type of polarity to be used, and also 
to indicate the type ot alloy the electrode 
contains. 


TEMPILS 


A very interesting pamphlet describing 
Tempil thermometric pellets for deter 
mining temperatures in industry, is now 
available. Copy may be obtained from 
The Tempil Corp., 132 West 22nd Street 
New York City. Tempils make it pos 
sible to determine a wide range of tem 
peratures in industry, without recourse to 
elaborate technical equipment. They 
have a sharp, rapid melting action at 
stated temperatures. 
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WHY NOT 


INSTEAD OF IMAGINING rt: 


Type 1440P NATIONAL WELDING TIMER controls weld period, 
as well as pressure to electrodes. Repeat type for guns. 


5 speed gear train—96 to 144 welds per minute. 
Weld time variable 1 to 10 cycles. 


Cams rotatable with respect to each other for time period setting. 


NATIONAL ROTARY WELDING TIMERS! were 
First Introduced in 1938. 


Today—In the Automotive Industry, NATIONAL 
LEADS IN SALES. 


Every 1941 Model Automobile will reveal the Quality 
and Soundness of welding—TIMED BY NATIONAL. 


GOING 


THAT'S THE 
NATIONAL WAY 


will set your timing 
accurately « without guesswork 


Nationa’ Timers 


for Resistance Welding are 


MOTOR DRIVEN 
ROTARY DOUBLE CAM 


per Circuit Operated. 
“Drop to maké, and Drop to Break” 
Variable Timing—Variable Speed, 
Simple — Sturdy — Reliable 


The Timer the operators like, for it has NO 
Hidden Mysteries. 


% 


Side View Showing Variable Speed Gear Train 


NATIONAL TIME SIGNAL CORPORATION 


600 E. MILWAUKEE AVENUE 


DETROIT. MICHIGAN 
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DIRECT-CURRENT ARC WELDER 


The General Electric Company has 
announced a new 2(00-ampere, d-c arc 
welder which will provide any welding 
current from 25 to 250 amperes. This 
wide range allows all-day manual welding 
to be done with currents up to 200 am- 
peres, using electrodes from !/ to 3/15 inch 
in diameter. Capacity is also provided 
for the use of electrodes as large as '/, inch 
on occasional short jobs. 

The new arc welder has two outstanding 
features. First, it provides for instant 
recovery of the voltage to an extent greater 
than the are voltage after each short 
circuit, thus preventing time-wasting arc 
pop-outs. Second, it never allows current 
peaks to exceed three times the steady 
short-circuit current on any adjustment, 
thus preventing excessive heat and spatter 
and resulting in a saving of electrodes. 
Both of these features are made possible 
by a split-pole cross-field design with 
which the equipment is provided. 

Other advantages of the new arc welder 
include excellent commutation, isothermic 
overload protection for the motor, and 
selfexcitation, 


EYE PROTECTION 


Sellstrom Manufacturing Co., 615-649 
N. Aberdeen St., Chicago, Illinois has 
printed a new catalog—a bright green and 
white cover, indexed, illustrated, com- 
plete and interesting. It consists of 72 
pages filled with many ideas for those 
interested in eye and face protection. 

Because of the progress being made 
every day in this field, we think our 
readers will be interested in this catalog 
No. 18, 


GENERATOR ARC WELDER 


The Hobart Brothers Company of Troy, 
Ohio, has just issued an attractive leaflet 
describing their new Junior Gas Engine 
200 Ampere Arc Welder. This folder 
stresses the streamline design, power sup- 
ply, self-starting features. On the genera- 
tor side of the exciter, brush capacity, 
economy and other details are covered. 


TWO STAGE REGULATOR 


After months of careful engineering the 
Alexander Milburn Company announces 
the release of their new Type FF ‘Twin 
Stage’ Regulator. 

Unlike the average methods, the first 
stage of the Type FF can be adjusted to 
various pressures, thus permitting it to 
be used for different operations. After 
the selected pressure is set, the delivery 
stage may be adjusted to any desired 
working pressure up to 200 lb., or more, if 
specified. It operates smoothly, and 
permits a uniform delivery. 

The outstanding feature of the Type 
FF’s simplified construction is a unitary 
valve assembly, which is used in both 
stages. This assembly has only four 
parts—a small body, stainless steel spring, 
stainless steel ball, and special vulcanite 
seat—operated by a monel metal pin. 
Seating is with instead of against the 
pressure. 


For complete information about the 
Type FF ‘‘Twin Stage’’ Regulator, write 
the Alexander Milburn Company, 1493 
West Baltimore Street, Baltimore, Mary- 
land. 


EMPLOYMENT 
SERVICE BULLETIN 


SERVICES AVAILABLE 


A-368. Welding instructor, age 34, de- 
sires position as a college welding instruc- 
tor, but willing to gointoindustry. Bache- 
lor of Science in Industrial Education. 
Five and one-half years of teaching experi- 
ence in vocational and high school metal 
work. At present teaching welding in one 
of our large universities and have held the 
position of the last three years and going 
on the third summer session. Am ex- 
pected to report for duty at the beginning 
of the fall session, but desire a change in 
position and location. Can produce refer- 
ences. 

A-369. Completed course of 200 hr. 
electric arc, oxyacetylene welding and cut- 
ting. Operated in all positions, covered 
and bare electrodes, all metals and alloys. 
Little experience on electric arc at Beth- 
lehem Steel Co. Shipbuilding Division. 
Married, age 24. 

A-370. Electric Welder with eight 
years’ experience. American, married, 28 
years of age and in good health. Prefer 
position in the East. 

A-371. Electric and Acetylene Welder, 
10 years’ experience in all kinds of welding 
and machine work, general repairs and 
maintenance work. 27 years old. Can 
furnish good references. 

A-372. Welder and cutter, experienced 
in Arc and Acetylene in flat, vertical and 
overhead welding. Pipe and aircraft in- 
cluded, 

A-373. Completed course in Acetylene 
and Electric welding, torch cutting and 
blueprint reading. 9 months’ experience 
in shop work. Would like position as 
second-grade welder or tacker. Am willing 
to go anywhere. 23 years of age. 

A-374. Graduate Delehanty Welding 
Institute. Electric Arc, all positions. 
Strongly inclined to responsible work, 
ambitious. Test and references offered. 
Fair chance desired to start on modest 
salary basis. 

A-375. Electric Welder. 27 years of 
age, high school graduate, married, Am- 
erican, amiable and capable. During past 
five years has worked as textile printer and 
assistant shipping agent. Has excellent 
employment record both places. 


UNITED STATES CIVIL SERVICE 
EXAMINATIONS TO BE HELD 
FOR INSPECTORS OF SHIP 
CONSTRUCTION AND 
MATERIALS 


The United States Civil Service Com- 
mission has announced open competitive 
examinations to fill inspector positions 
in the Navy Department for duty in the 
field wherever assigned. The examina- 
tions cover the following positions: In- 
spector, ship construction, also senior 
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inspector, $2000 and $2600 a year 
spectively, with the following optio a 
branches—hulls, mechanical, elect; 
inspector, engineering materials, 
senior inspector, $2000 and $2600 
respectively, with the following optional 
branches—hulls, mechanical, elect: ix 
radio; junior inspector, engineering 
terials, $1620 a year. The salaries 
subject to a retirement deduction of 
per cent. 

Applicants must have had inspecti 


ana 


nal 


experience appropriate for the grade and 
optional branch. For the junior grade. 
applicants must not have passed their 


thirty-fifth birthday; for the other posi- 
tions they must not have passed their 
fifty-fifth birthday. 

Applications will be rated as received 
at the Commission’s Washington office 
until further notice. Qualified persons 
are urged to apply at once. 

Further information regarding the ex- 
aminations, and the detailed requirements, 
are given in the formal announcement 
Announcements and application forms 
may be obtained from the Secretary of 
the Board of U. S. Civil Service Exam- 
iners at any first- or second-class post 
office, or from the U. S. Civil Service 
Commission, Washington, D. C. 


Volume UP 


Price powN 


It Has BEEN Sain that advertising 
increases the price of goods. 

True, advertising is part of the 
manufacturer’s and merchant's cost 
of doing business, all of which must 
be covered in the price of his goods 
if he is to stay in business. 

But advertising helps boost sales 
and production. Bigger volume cuts 
cost per unit made and sold. To 
meet competition the saving is 
passed on to the public in the form 
of a lower price. 

Think of the prices of radios, 
mechanical refrigerators and heating 
appliances, automobiles, light bulbs 
and other products when first intro 
duced and sold in small volume 
Compare with their prices today, 
after advertising won them enor 
mous acceptance! Successful ad 
vertising decreases the price of goods 


Courtesy Nation's Business 
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Welded Monel salt receiving tank built by Thornton 
Company, Cleveland, Ohio, for the Ohio Salt Com- 
pany, Wadsworth, Ohio. This large Monel veasel is 
6 ft.in diameter x 7 ft. high with a cone bottom 87 in. 
in depth and 12 in. diameter bottom outlet. 3/16 in. 
thick Monel plate was used throughout. The overflow 
rim is 12 in. high and extends 7 in. above the inside 
height of the tank. All joints were electric welded 
with 1230X Monel Metal Are Welding Red, 
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SECTION ACTIVITIES « « « 


CLEVELAND 


The following committees have been 
appointed by the Cleveland Section: 
Intersociety Cooperation Committee, A. F 
Davis, A. E. Gibson and E. R. Benedict: 
Nominations, E. T. Scott; Publicity, 
Clayton T. Elder; Reception and Proper- 
ties, J. Calvin Wyss; Membership, J. F 
Maine; Papers and Program, E. B. 
Williams; Educational, Gordon B. Car- 
son; Code, E. R. Benedict 

The Cleveland Section is happy to an- 
nounce that the October 9th meeting is to 
be addressed by Colonel G. F. Jenks of 
the Ordnance Dept., U. S. Army, on the 
subject ‘‘Welding in National Defense.”’ 


CONNECTICUT 


The Connecticut Section advises of the 
election of the following officers: Chair- 
man, J. S. Miller, New Haven Railroad; 
Vice-Chairman, H. A. Pennington, A. B. 
King Co.; Treasurer, James Mitchell, 
Farrel-Birmingham Co.; Secretary, B. H. 
Perry, Hartford Electric Steel Corp.; 
Membership Chairman, Gustave Welter, 
Bigelow Boiler Co. 


DETROIT 


At a recent election of the Detroit Sec- 
tion the following officers were elected: 
Chairman, G. M. Sieger, S. M. S. Corp.; 
Vice-Chairman, R. W. Brendle, Great 
Lakes Eng. Corp.; Secretary-Treasurer, 
O. L. Smith, Weldit Acetylene Co.; Ex- 
ecultve Committee, G. J. Friebel and Henry 
Neitzel. 

Regular monthly meetings will resume 
in September and continue once a month 
throughout the year. 


LOS ANGELES 


Mr. C. W. (Bill) Roberts accepted the 
chairmanship of the Los Angeles Section 
for the current year. Mr. Roberts ably 
demonstrated his executive ability by 
serving as Program Chairman for the 
past year. ‘Bill’ Roberts is Super- 
intendent of the Southwestern Engi- 
neering Company, one of the largest fabri- 
cators of heavy mining machinery and re- 
finery equipment in California. He origi- 
nally attended Missouri University for a 
short while, but became restless and de- 
cided to finish his engineering education 
by courses through the International Cor- 
respondence School. These studies ampli- 
fied many times by his 14 years’ experi- 
ence in the steel construction shops of 
Southwestern Engineering Company have 
made him an authority on this type of 
work. ‘Bill’ is only 34 years old so his 
aggression has ‘‘paid off’’ in a position of 
responsibility with considerable future to 
look forward to. His activities include 
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Cc. W. “Bill’’ Roberts 


past-president of ‘‘Foreman’s Club” 
and president of the ‘‘Toastmaster’s 
Club.’’ His manner is mild but thorough 
and will lead the chapter through another 
highly successful year. He will represent 
the local chapter at the annual convention 
in Cleveland. 

Other officers and directors are: Vice- 
Chairman and Program Chairman, Jim 
Gowing, Hobart Bros.; Secretary-Treas- 
urer and Publicity Chairman, E. O. 
Williams, Victor Equipment Co.; Dt- 
rectors, C. P. Sander, Western Pipe & 
Steel Co., Howard Newby, Superior 
Tank & Mfg. Co.; Merrill Turner, Home 
Oxygen Company; John Purcell, Stand- 
ard Oil Company; R. W. Reno, Soule 
Steel Co.; G. G. Watson, City of Los 
Angeles Dept. Water & Power. 

The first meeting under the new officers 
will be held on September 19th 


NORTHWEST 


The following standing committees for 
the current year have been appointed. 
Advisory: C. E. Comfort, Chairman, St. 
Paul Structural Steel Co.; C. M. Akins, 
Marquette Mfg. Co.; G. C. Hill, Carnegie 
Illinois Steel Corp.; L. T. Kenny, Kenny 
Boiler & Mfg. Co.; T. J. Warmington, 
Wm, Bros. Boiler & Mfg. Co. 

Membership: John Mikulak, Chair- 
man, Minneapolis Committee, Electric 
Machinery Mfg. Co.; H. A. Lindeke, 
Chairman, St. Paul Committee, Nicols, 
Dean & Gregg. 

Program: R. H. Newton, Chairman, 
Lincoln Electric Co.; F. O. Borne, U. S. 
Engineers; R. L. Spaulding, American 
Hoist & Derrick Co. 

The Program Committee has already 
prepared its schedule of meetings for the 
coming season, which includes a number of 
speakers who are recognized as authorities 
on subjects of immediate interest to all 
those engaged in the art and science of 
welding. 
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PITTSBURGH 


The following officers and Executive 
Committee have been elected. by the 
Pittsburgh Section for the 1940-194] 
season: Chairman, G. F. Wolfe, Dravo 
Corp. Eng. Works Div.; Vice-Chairman, 
A. E. Marble, Jones & Laughlin Stee} 
Corp.; Secretary, J. F. Minnotte, Min- 
notte Bros. Co.; Executive Committee 
(two years), F. H. Dill, American Bridge 
Co., W. R. Persons, Lincoln Electric Co., 
H. P. Schane, Allis Chalmers Co. 

The following members of the Execu- 
tive Committee have one more year of 
their two year term to serve: R. C 
Waldie, Williams & Company; C. H. 
Jennings, Westinghouse Elec. & Mfg 
Co.; Harry Thompson, Metal & Thermit 
Corp. 


PUGET SOUND 


The Puget Sound Section at its annual 
dinner election meeting elected the follow 
ing new officers for the coming year 
Chairman, G. M. McBride, Air Reduc 
tion Sales Co.; Vice-Chairman, F. A. Con- 
rad, Puget Sound Sheet Metal Works; 
Secretary-Treasurer, R. S. Russell, Hy- 
draulic Supply Co. 


WESTERN NEW YORK 


The first meeting of the 1940-41 season 
of the Western New York Section will be 
held on October 18. Mr. A. E. Gibson, 
past-president of the Society and Presi- 
dent of the Wellman Engineering Com- 
pany of Cleveland, will address the meet 
ing on ‘‘The Welding of Low Alloy Steels.” 
Mr. Gibson’s address will deal with the 
application of low alloy steels to structural 
and mechanical equipment, stressing the 
advantages over low carbon steel in in- 
creased strength and weight reduction 
The importance of design, particularly 
in the bending of material to reduce weld- 
ing will be illustrated as well as the sav- 
ings possible with proper positioning and 
pre-machining of parts before welding. 

The address will be adequately illus- 
trated with lantern slides showing a wide 
variety of welded low alloy steel equip- 
ment. 

Visiting members of the Society will 
be welcome at the meeting which will be 
held at 8 P.M. in the auditorium of the 
Buffalo Niagara Electric Corporation. 


TOOL STEEL STANDARDIZATION 

The American Standards Association 
today announced that it has been re- 
quested by the American Society of Tool 
Engineers to undertake a new project 
on the classification of tool steels by 
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COMPLETE WITH ALL 
ACCESSORIES__.- 


A slight push on the foot The built-in Westinghouse 


bar, an easy pull on the hand “De-ion” breaker permits 
rail, and the new welder is shutting down at the ma- 
ready to roll away on its chine and protects against 
heavy-duty 10"' wheels. sustained overloads. 


Current is adjustable in 27 steps from 20 to 250 amperes. 
Steps are clearly indicated. Plug in and you're ready to weld. 


See the New All-Purpose FlexArc on display at your 
nearest Westinghouse Welding Dealer. With a complete 
line of Westinghouse FlexArc Welders and Westinghouse 
FlexArc electrodes for both a-c and d-c he can supply 
the equipment best suited to your requirements. For 


Price includes complete equipment; welding helmet with lens, information write Dept. 7-N, Westinghouse Electric & 
welding leads, scratchbrush, electrode holder, generous length Mfe. Co.. East Saeedinen h Pa & 
of primary cable and 17 Ibs. of assorted electrodes. gf, 


A-C 


J-70275 
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classes of usage. The purpose of this will 
be to eliminate the guesswork in selecting 
the proper steel for various uses, thus pro- 
longing tool life, wearing qualities, etc. 
This project does not concern tool steels 
alone but also other materials used for 
cutting tools, such as cemented carbides 
and Stellite. 

According to the ASTE, there are about 
1000 brands of tool steel on the market 
today, of which many are identical or 
nearly so. Since there are no standards by 
which the qualities of these multitudinous 
brands can be judged and classified, the 
user is bound gradually to drift into a 
general use of a certain few varieties of 
tool steel from which he has happened to 
obtain generally satisfactory results in 
the past. Many times, therefore, he may 
be using the wrong steel for particular 
applications. 

There have been many attempts to 
classify tool steels by numbering systems 
or by composition but so far they have 
been unsuccessful. At present, some steel 
companies are using a system which 
classifies tool steels into seven main 
types, or families, as follows: 


1. Plain Tool Steels 

2. Oil- or air-hardened die steels for 
punch press work 

3. Oil-hardened die steels for hot work 


Tough tool steels 

High speed steels 

Cemented carbides 

Miscellaneous tool materials, such 
as ‘‘Graphitic Steels.” 


This system of classifying steels has been 
copied by both manufacturers and users. 

This new project for Standardization of 
Materials for Cutting Tools proposes to 
index all tool steels by class designation, 
by manufacturer, by trade name, and by 
classes of usage. The American Society 
of Tool Engineers feels that this classifi- 
cation of tool steel by types, or uses, 
rather than by trade name alone will 
make the choice of the steel for a par- 
ticular application a simple matter to the 
user. 


HAYNES STELLITE BUILDS PLANT 
ADDITION 


Haynes Stellite Company, Unit of 
Union Carbide and Carbon Corporation, 
is expanding its manufacturing facilities 
at its plant in Kokomo, Indiana, by the 
addition of a new 75 X 132-ft. factory 
building, a one-story structure of steel and 
brick with concrete floor and wide monitor 
top. Construction was started May 27th 


and it is expected that the building wil] }, 
ready for use in August. Some of the 
features of the building are: continuoys 
steel sash for efficient lighting; large venti- 
lating fans for rapid air change; gypsum 
roof; modern toilet, locker and shower 
facilities. 


STAMPING COMPANY SAVES $/000 
ON SINGLE REPAIR JOB 


The Samuel Stamping and Enameling 
Company, Chattanooga, Tenn., saved 
more than $1000 recently when it had a 
break in the bed of its 50-ton stamping 
press arc welded. A new cast-iron press 
bed would have cost $1200; the Tallen 
Machine Shop, Chattanooga, Tenn., com- 
pleted the repair work in two days at a 
cost of only $125. 

The break occurred through a section 
30 inches long, 12 inches deep and 4 inches 
thick. After being given a V-cut and stud 
ded, the break was welded with shielded- 
arc electrodes and the joint was further 
reinforced by an arc-welded steel plate 


but peening was used after each bead was 
laid. 


List of New Members 


BOSTON 


Beaudoin, Alcide J. (C), Providence School 
of Practical Training, 97 Fountain St., 
Providence, R. I. 

Sanocki, Frank C. (C), Providence School 
of Practical Training, 97 Fountain St., 
Providence, R. I. 


CHICAGO 


Johnson, J. A. (C), Chicago Bridge & 
Iron Co., 1305 West 105th St., Chicago, 


Ill. 
Le Blanc, Ray (D), 902 No. Avers Ave., 
Chicago, 


CINCINNATI 


Gillespie, Ray F. (C), R. F. D 1, Hamil- 
ton, Ohio. 


CLEVELAND 


Green, J. (B), 431 Oak Grove Ave., 
Ravenna, Ohio. 


KANSAS CITY 


Hohenschild, F. X. (C), Welders Supply 
& Repair Co., 510 E. 18th St., Kansas 
City, Mo. 


LOS ANGELES 


Battin, F. V. (D), U. S. S. Portland, A 
Division, San Pedro, Calif. 

Daugherty, M. R. (C), 1326 S. Gramercy 
Los Angeles, Calif. 

Rowe, Rudolph (D), 21507 So. Main St., 
Rt. L. Box 350, Torrance, Calif. 


July Ist to July 31, 1940 


MILWAUKEE 


Adams, Robert C. (D), 2948 So. Went- 
worth Ave., Milwaukee, Wis. 

Lau, Wilbur H. H. (D), 1730—S. 30th 
St., Milwaukee, Wis. 

Schomann, William (B), Reinke & Scho- 
mann, Inc., 1713 N. Water St., Milwau- 
kee, Wis. 


NEW YORK 


Dannenfelser, Robert C. (D), 4366 E. 
177th St., Bronx, N. Y. 

Greenfield, Frank Lynne (B), 76 West 
85th St., New York, N. Y. 

Maak, Charles (C), 390 New Brunswick 
Ave., Fords, N. J. 

Peterberns, Bernard (D), 736 Fox St., 
Bronx, N. Y 

Roffey, Albert B. (C), 5 Williams Court, 
Bellmore, L. I. 


NORTHERN NEW JERSEY 


Johnson, George E. (D), P. O. Box 87, 
Whitehouse, N. J. 

Kime, Allan B. (C), 49 Oxford St., Newark, 
N. J. 

Kanzler, William R. (D), 379 Sanford 
Ave., Newark, N. J. 

Strangia, Michael (D), 60 Logan Ave., 
Jersey City, N. J. 

NORTHWEST 


Bodin, C. E. (C), 214 Goodrich Ave., St. 
Paul, Minn. 


PEORIA 


Secretan, Art M. (D), R. R. 2, Box 128, 
Peoria, Ill. 
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PHILADELPHIA 


Lee, Walter W.(C), State Welding Serv- 
ice, 304 Elm St., Camden, N. J. 


PITTSBURGH 


Lill, Charles (C), Weldcraft Equip. Co., 
3646 Harbison St., N. S., Pittsburgh, 
Pa. 

Weber, Charles P. (C), 5935 Baum Blvd., 
Pittsburgh, Pa. 


TULSA 


Stierualt, Roy (D), Box 176, Drumright, 
Okla. 


WASHINGTON, D. C. 


Mallett, Joseph E. (C), Dept. of Com 
merce, Bureau of Marine Insp. & Nav., 
Washington, D. C. 


NOT IN SECTIONS 


Belotti, Agostino (B), Piazza Trento &, 
Milano, Italy. 

Dempsey, J. B. (B), 910 Pine St., Parkers 
burg, W. Va. 

Inberg, Elmer J. (D), Eagle River, Wis 

Rolli, John W. (C), Republic Welding Co., 
305 College St., Louisville, Ky. 

Silverwood, Barry W. (B), 36 Elton St. 
East, Wallsend-on-Tyne, Northumber 
land, England. 

Thomas, J. P. (C), Valley Welding Sup 
ply Co., Box 903, McAllen, Texas. 

Wolf, Richard (B), % O. Bondy, 46 Vic 
toria St., Windsor House, London 
S. W. L. England. 
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CUTTING ASSEMBLY COSTS 


INCREASING PRODUCTION 


GETTING BETTER WELDS 


Worker Fatigue Minimized 

No-Kik cable of high flexi- 
bility and with reactance neu- 
tralizing effect has eliminated 


“punishment from bucking 


cables” and allows the operator 
to place spots with greater 
accuracy. Cables are water 
cooled throughout. 


Cable Clamp Adds Flexibility 


Progressive hydraulic cable 
clamp, newest development 
that reduces cable wear, elimi- 
nates flexible shunts, and gives 


“free-swinging”’ action to weld- 


ing guns. Hydraulic welding 
gun pressure also clamps cable 
terminals to gun for greater 
current transfer. 


Gun Handling Speeded Up 


Speedier handling as well as 
increased durability under high 
speed operation characterizes 
the line of lightweight, hydrau- 
lic guns developed by Progres- 
sive Welder Company. Single 
bolt type cable connection at 
cable clamp permits ready in- 
ter-changeability of Progressive 
guns for various types of work. 


Swivel Balancer 


Safety type swivel suspension 


for complete welding unit per- 


mits greatest range of opera- 


tion. Balancer arm supports 
both cable and gun to reduce 


lifting effort. 


Wider Range of Welding Pressures 
A wider range of closely 


adjustable welding point 
pressures is now possible with 


“Hydro-Boost- 


er.” This unique unit utilizes 


the Progressive 


factory air line pressure to 
develop a range of from 300 
to 1200 Ibs. hydraulic pressure. 
Has accurate 
pressure adjustment over 
entire range. 


Faster Operation With New Valve 


Faster, positive action in con- 
tinuous welding operation is 
assured through Progressive’s 
new heavy duty solenoid valve. 
Sleeve-type design eliminates 
chance of valve being “held 
open” by dirt,etc.,thus reducing 
“down time” of welding unit. 


Visit Progressive’s Exhibit at the NATIONAL METAL EXPOSITION 


Find out all about “Forge-welding” 


control of 


ALL OF THESE, PLUS... 


more not mentioned, are in- 
corporated in Progressive Port- 
able Spot Welding equipment 
such as illustrated. Guns to 
suit virtually any welding con- 
dition are available. 


Progressive can help you 
weld it better, faster 
and with less cost. ASK 
PROGRESSIVE HOW TO 
DO IT. 


1940 
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TENTATIVE PROGRAM 


TWENTY-FIRST ANNUAL MEETING 
AMERICAN WELDING SOCIETY 
WEEK OF OCTOBER 20, 1940 


Headquarters: CLEVELAND HOTEL—CLEVELAND, OHIO 
Make Room Reservations Early—Direct with Cleveland Hotel 


Arrive Sunday 20th—(Convention Hotel) Rates Apply for Short or Long Stay 


National Metal Exposition, Public Auditorium—Open Afternoons and 
Evenings Throughout the Entire Week, Commencing October 21, 1940 


ALL Technical Sessions will positively 
start on time 


No Stenotype Reporter—Members de- 
siring to discuss papers are urgently 
requested to prepare discussion in 
writing in advance of the meeting and 
to send copies to headquarters as those 
preparing written discussion will be 
given preference at the _ sessions 
Members and guests giving extempo- 
raneous discussion at meeting should 
forward a written transcript of dis- 


IMPORTANT 


cussion as soon as possible after the 
meeting 


Members and guests are urged to 
REGISTER immediately upon arrival 
at A. W. S. HEADQUARTERS and 
obtain Convention Badge admitting 
them to Exposition 


NO REGISTRATION FEE but a 
charge of 50¢ (per member) and $1.00 
(non-member) is made for Technical 
Sessions Papers 


Registration hours throughout the 
week: 
Cleveland Hotel 
Monday, Tuesday and Wednesday 
9a.m.to 5p.m 


Thursday 9am.to 7 p.m 
Friday 9 a.m. to 12 noon 


Public Auditorium 
Monday, Tuesday and Wednesday 
12 noon to 10 p.m 
Thursday * 12 noon to 6 p.m 
Friday 9 a.m. to 10 p.m 


SUNDAY, OCTOBER 20th, 5 to 7 P.M. 


PRESIDENT’S RECEPTION 


MONDAY, OCTOBER 2lst, Morning-—-9:30 A.M. 


Chairman—GEORGE T. HORTON, 
President, American Welding Society 


Vice-Chairman—C. A. McCUNE 


Chairman, Convention Committee 


PRESENTATION OF MEDALS AND PRIZES 


TECHNICAL SESSION 


Chairman—F. M. SCOTTEN, 
Great Lakes Engineering Works 


10:30 A.M. 


Vice-Chairman—cC. A. LOOMIS, 


Bureau of Construction & Repair, Navy Dept. 


SHIPBUILDING AND STRUCTURAL 
Welding in Shipbuilding, by DAVID ARNOTT, American Bureau of Shipping 
Welded Rigid Frame Structures, by A. AMIRIKIAN, Navy Department 


OPENING METALS EXPOSITION 


THE WELDING JOURNAL 


12:00 Noon 
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NO “KICK” in Clark 
Kickless Cable—a water cooled 
electrical connection between the 
secondary taps of a welder transformer 
and a portable welder gun. 


Why ? Because Clark Kickless Cable is built 

to avoid “kicks.” It consists of a central soft rubber 
core around which 3 plus and 3 minus flexible copper 
cables are wound. For alternate polarity these 
cables are separated by a corrugated, live rubber 
spacer, the whole enclosed in a flexible, specially 
made, cord-reinforced rubber tube. 


How Does That Sion “Kicks?” the 


interweaving of cables of opposite polarity with 
the corrugated live rubber spacer causes reactances 
to neutralize each other, thus eliminating the 
“kick” or jerking apart that characterizes the use 


of 


eo of two separate cables. 
V4 
Ane Better Welds 
+ 
ra Made? Yes! The gun can be 


placed and held accurately, because 

the operator has no “kick” fatigue to 

overcome. “Spots” can be placed more 

accurately; more amperage is delivered at the 

tips; and Clark Kickless Cable delivers uniform 
amperage at all times. 


How Aboud Ylenibility ? Look at the 


pictures! You can easily tum, twist, or knot Clark 
Kickless Cable, as the cable diameter is sufficiently 
small to allow bending into arcs of short radii. Just 
turning by hand allows an 8 foot Cable to be twisted 
approximately 720° from normal in the direction 
opposite to the helical winding, and 450° in the 
direction of the helical winding. 


Furnished in two sizes . . . 400 M—equivalent to separate cables of 400,000 c. m. 
750 M—equivalent to separate cables of 750,000 c. m. 


Terminals and adaptors to fit all standard guns and welder transformers are available. 
BULLETIN 7777 GIVES COMPLETE DETAILS. IT’S YOURS FOR THE ASKING. 


OFFICES IN PRINCIPAL CITIES 


THE CLARK CONTROLLER CO. 


1146 EAST 152"°ST. CLEVELAND, OHIO 
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Monday Afternocon—2:00 P.M. 
SIMULTANEOUS TECHNICAL SESSIONS 


STEEL MILL 


Chairman—MILTON MALE, 
U. S. Steel Corp. of Delaware 


Vice-Chairman—R. E. KINKEAD, 


Consulting Engineer 


Resistance Flash Welding of Strip in Steel Mills 
by J. H. COOPER, Taylor Winfield Corporation 


Design and Fabrication of Heavy Rolling Mill Machinery 
by G. W. LINKHAUER, United Engineering & Foundry Co. 


Shape Cutting in Steel Mill 
by JOSEPH STANLEY, Carnegie Illinois Steel Corporation 


Hard Facing Steel Equipment 
by FRANK L. GRAY, Carnegie Illinois Steel Corporation 


INDUSTRIAL RESEARCH 


Chairman—J. H. CRITCHETT, 
Union Carbide & Carbon Res. Labs. 


Vice-Chairman—E. VOM STEEG, 


General Electric Company 


Testing for Weldability of Carbon Steels 
By C. E. JACKSON and G. G. LUTHER, Naval Research La} 


Anacostia Station 


Defects in Weld Metal and Hydrogen in Steel 
by CARL A. ZAPFFE and C. E. SIMS, Battelle Memorial! Institut 


Improving Ductility of Oxyacetylene Welds by Aging 
by J. R. DAWSON and A. R. LYTLE, Union Carbide & Carbor 


Labs. 


Metallurgical Changes at Welded Joints, and the Weldabil- 
ity of Steels 


by R. H. ABORN, U. S. Steel Corp. Res. Lab. 


Evening—7:30 P.M. 


Industrial Research Conference 


-G. F. JENKS, Chairman, presiding 


TUESDAY, OCTOBER 22nd, Morning—9:30 A.M. 
SIMULTANEOUS TECHNICAL SESSIONS 


MACHINERY 


Chairman—A. E. GIBSON, 
Wellman Engineering Company 


Vice-Chairman, E. V. DAVID, 
Air Reduction Sales Co. 


Operation Problems in the Small Welding Shop 
by ROGER B. WHITE and J. T. LEWIS, Jr., Lewis Welding & 
Eng. Corp. 


Welding Electrical Machinery 
by R. A. TAYLOR, Westinghouse Elec. & Mfg. Company 


Recent Developments in Flame Machining 
by H. E. LANDIS, Jr., and J. G. MAGRATH, Air Reduction Sales 
Company 


Afternoon 


FUNDAMENTAL RESEARCH 


Chairman—J. J. CROWE, 
Air Reduction Sales Company 


Vice-Chairman—F. C. FYKE, 
Standard Oil Development Co. 


A Method of Studying the Effects of Inertia and Friction in 
Resistance Welding Machines 
by W. F. HESS and R. A. WYANT, Rensselaer Polytechnic Insti- 


tute 


The Welding of Carbon-Molybdenum Piping for High 
Temperature-High Pressure Service 


by R. W. EMERSON, Pittsburgh Piping & Equipment Company 


Micro-Fissuring in Multiple Bead, Low Carbon Steel Welds 
by J. L. MILLER and L. R. KOVAC, Armour Institute of Tech 
nology 


2:00 P.M. 


SIMULTANEOUS TECHNICAL SESSIONS 


MACHINERY 


Chairman—K. L. HANSEN, 
Harnischfeger Corporation 


Vice-Chairman—H. H. DYAR, 
The Linde Air Products Company 


Flame Hardening 
by R. H. ZIELMAN, Thew Shovel Company 


Production Flame Hardening of Machine Parts 
by JOHN ERLER & P. H. TOMLINSON, Farrel-Birmingham Co., 


Inc. 


High-Speed Mechanized Oxyacetylene Welding 
by H. T. HERBST, The Linde Air Products Company 


Machine Flame Cutting in Preparation for Welding 
by W. ROY WIDDOES, By-Products Steel Corp. 


Use of Welding and Cutting in the Fabrication of Ditching 
ipment 


by A. R. ASKUE, Cleveland Trencher Company 
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FUNDAMENTAL RESEARCH 


Chairman—o©. T. BARNETT, 
Black, Sivalls & Bryson, Inc. 


Vice-Chairman—R. E. POWELL, 


Western Electric Company 


Welded Girders with Inclined Stiffeners 
by CYRIL JENSEN and C. ANTONI, Lehigh University 


Measurement of Contact Resistance 
By W. B. KOUWENHOVEN and JOSEPH TAMPICO, John 


Hopkins University 


Electrodes for Welding Cast Iron 
by G. S. SCHALLER, University of Washington 


Fundamentals of Resistance Welding 
by R. S. PELTON, General Electric Co. 
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A.C. WELDING 
ENTERS INTO ITS OWN 


A. C. Welding is better, faster and cheaper. The Preheating- 
Welding-Normalizing use of 60 and 240 cycles A.C. has 
extended the scope of Arc Welding to alloys not otherwise 
field weldable. This in turn has made possible the use of 
higher temperatures and pressures in power installations for 
utilities, ships, and the like. Ships are now fabricated through 
the use of A.C. Welding as are also U. S. Navy boilers and 
pressure vessels. The Boulder Dam penstocks were welded 
with Alternarc A.C. apparatus. Even the new Union Melt 
process utilizes A.C. welding. Preheating-Welding-Nor- 
malizing by induction A-C and stress relieving by Resistance- 
Eddy current and high frequency are A-C welding develop- 
ments. Other well known applications such as the double 
carbon and hydrogen bathed arc, contact flash arc, lead 
burning and electric brazing are A-C applications. 


The Electric Arc Cutting & Welding Co. pioneered A.C. 
welding and covered electrodes. The success of arc welding 
today is in a great measure due to these two improvements 
in the art. 


We mention this so you will carefully consider our latest 


MULTIPLE STAR 


two developments which increase the scope of arc welding; 
400 AMP. EACH namely: Preheating-Welding-Normalizing and the Multip'e 
Star system. Write for particulars. Write for our list of 


Mother Transformer or Reservoir 


satisfied users. 


The Smith-Dolan System consists of preheating with a-c. 
hysteresis induction coils which are simply wrapped around 
the metals to be welded on either side of the joint and suit- 
able current turned on. Welding is simplified because it is 
not necessary to remove the wrapped coils during welding. 
An opening is provided and the welder just goes to work 


depositing metal. The system is flexible in that the coils can 


be crowded where more heat is required or separated where 


. Two Typical Applications of the Smith-Dolan System of 
less 1s needed. Hysteresis Heating. It Is a Simple Matter to Wrap the 
Necessary Coils at the Right Place for the Correct Heat 


ELECTRIC ARC CUTTING & WELDING CO. 


152-162 JELLIFF AVENUE NEWARK, NEW JERSEY 
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Evening- 


7:30 P.M. 


Fundamental Research Conference——H. M. HOBART, Chairman, presiding 


WEDNESDAY, OCTOBER 23rd, Morning—9:30 A.M. 


Welc 


Inve 


SIMULTANEOUS TECHNICAL SESSIONS 


RESISTANCE WELDING 


Chairman-——L. W. CLARK, 
The Detroit Edison Company 


Vice-Chairman—A. L. PFEIL, 


Universal Power Corporation 


Resistance Welding Electrodes. Fundamental Con- 
siderations 


by G. N. SIEGER, S-M-S Corporation 


Changes in the Shape of Spherical Spot-Welding Elec- 
trodes 


by W. F. HESS and R. A. WYANT, Rensselaer Polytechnic Insti 


tute 


Recorders and Indicators for Resistance Welding Machines 
by W. C. HUTCHINS, General Electric Company 


Afternoon 


Prel 
FUNDAMENTAL RESEARCH by 


Chairman—A. S. DOUGLASS, 
The Detroit Edison Company 


Vice-Chairman—A. F. DAVIS 
The Lincoln Electric Company 


The Effect of the Physical State of Steel Upon the Tensile 


Strength of Brazed Joints 
by F. C. KELLEY, General Electric Company 


Causes of Crater Formation 


by G. E. DOAN, Lehigh University 


Cold Rolling Testing of Welds 
by T. P. HUGHES and R. L. DOWDELL, University of Minnesot 


2:00 P.M. 


SIMULTANEOUS TECHNICAL SESSIONS 


RESISTANCE WELDING 


Chairman—M. S. CLARK 
Federal Machine & Welder Co 


Vice-Chairman—J. D. GORDON, 
Taylor-Winfield Corporation 


Scope and Limitations of the Stored Energy Type Re- 
sistance Welding 

by C. WEYGANDT —_ School of Eng., Univ. of Pennsylvania, 
and G. S. MIKHALAPOV, Baldwin Southwark Div., The 
Baldwin Locomotive Works 


A Study of Spot Welding on a Co sages Base Alloy 
by M. L. WOOD, J. BABIN & O. B. ATKIN, Chase Brass & Copper 


Co. 


Stored Ene Systems of Spot Welding 
by H. B. AXTELL, and R. L. Ringer, Jr., Taylor-Wintield Corp 


Electro-Brazing Methods 
by R. J. WENSLEY, I-T-E Circuit Breaker Co. 


Spot at in Aircraft Construction 
by C, F. MARSCHNER, McDonnell Aircraft Corp 


THURSDAY, OCTOBER 24th, Morning —-9:30 A.M. 
SIMULTANEOUS TECHNICAL SESSIONS ; 


PIPE WELDING 


Chairman—E. A. DOYLE, 
The Linde Air Products Company 


Vice-Chairman—E. T. SCOTT 
Cleveland School of Welding, Inc. 


Pipe Weldin Naval Service 
by BELA RO U. S. Naval Eng. Exp. Station 
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STRUCTURAL 


Chairman—H. O. HILL, 
Bethlehem Steel Company 


Vice-Chairman—J. M. DRISCOLL, 


Air Reduction Sales Company 


Shall We Weld Our Bridges Py 
by FRED L. PLUMMER, Hammond Iron Works Dy 


Flexible Welded Angle Connections Si 
by BRUCE JOHNSTON and L. F. GREEN, Lehigh Universit: by 


Design and Construction of Arc-Welded Steel Structures 
by LaMOTTE GROVER, Air Reduction Sales Company 


Flarne Cleaning of Structural Steel 
by F. H. DILL, American Bridge Co 


PROCEDURE CONTROLS AND SPECIAL 
APPLICATIONS 


Chairman—H. C. BOARDMAN, 
Chicago Bridge & Iron Co. 


Vice-Chairman—F. L. PLUMMER, 
Hammond Iron Works 


Cost and Procedure Control by Use of Polarized Light 
by E. W. P. SMITH, The Lincoln Electric Company 
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THURSDAY, OCTOBER 24th, Morning (Continued) 


PIPE WELDING (Continued) 


f Copper and Red Brass 
Welling “END and J. BABIN, Chase Brass & Cor 


Investigates of Gas and Arc Fillet Welds in Piping 
CARLSON and ERIC R SEABLOOM, Crane Company 


h ating. Welding Normalizing 
IOLSLAG, Electric Arc Cutting & Welding C 


Afternoon 


PROCEDURE CONTROLS AND SPECIAL APPLICA- 
TIONS (Continued 


Training of Welding Operators 
by S. LEWIS LAND, Supervisor of Industrial Education, N 
State Dept. of Edu 1 


Codes for Welded Pressure Vessels 
by D. S. JACOBUS, Babcock & Wilcox 


Aircraft Welding 
by HANFORD ECKMAN, Piper Aircraft Corporatio: 


Design and Construction of Large Welded Cement Kilns 
by C. A. MALMBERG, Allis-Chalmers Mfa 


2:00 P.M. 


COMMITTEE MEETINGS 


*_. No technical sessions are schedu] 
members and quests may he 


Evening 


ed in order that the A. W 
eisurely view the exhibits 


P.M 


ANNUAL BANQUET 


FRIDAY, OCTOBER 25th, Morning — 9:30 to 11:20 A.M 
SIMULTANEOUS TECHNICAL SESSIONS 


METALLURGICAL 


Chairman—A. B. KINZEL, 
Union Carbide & Carbon Res. Labs. 


Vice-Chairman--E. E. THUM, 
American Society for Metals 


Properties of 18-8 Weld Deposits 
K. W. OSTROM, Arcos Corporation 


Silver and Alloy Soldering 
by C. ZAPPONE, Robertshaw Thermostat Co. 


RAILROAD 
Chairman-—[. S. ELLIS 
Chesapeake & Ohio R. F 
Vice-Chairman M. PRIEST 
Railroad Research Bureau, U. S. Steel Subsidiaries 


Welding in Tank Car Construction 
by J. W. SHEFFER, American Car & Found 


Ne of Passenger Cars 
y A. M. UNGER, Pullman-Standard Car Mfg 


BUSINESS MEETING.- 11:30 A.M. 


Chairman—GEORGE T. HORTON 
President, American Welding Society 


Annual Report of the President 


Election and In lation of 


New Officer: 


Presentation of Past-President’s Pin 


Board of Directors’ Luncheon Meeting 


Friday Afternoon 


SOCIETY AND RELATED ACTIVITIES 


Inspection Trip 
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SPEED YOUR WELDING HIGH 
LOW ALLOYS with 


35 cu. yd dipper built of Man-Ten steel ond welded 


with Murex Carbon-Moly by Marion Steam Shovel 
Co., Marion, O. 


Murex-welded shell and turbine connector, 27,500 sq. ft. 
surface condenser, built by Ross Heater & Mfg. Co., Buffalo. 


SPECIALLY DESIGNED FOR CARBON-MOLY, COR-TEN, - - 
i ressure — hi temperature piping welded +# 
MAYARI, CROMANSIL,2%-3% NICKEL AND OTHER STEELS bes 


Welding of high strength—low alloy steels can be placed on the same high speed 


production basis as your mild steel welding, if you use Murex. Accumulator for pe- 


troleum refinery, built 


The Murex line includes a group of specially developed rods designed to produce of 2%" ond 2%" 
welds with tensile strengths ranging from 70,000 to 100,000 Ibs. per sq. in.; ductilities of thick ASTM. A- 
_ 203, Grade B steel 

20% to 30% and corrosion and heat resisting qualities matching closely any of the more by Black, Sivalls & 


Bryson, Oklahoma 
City. Welded with 
Murex Nickel Steel. 


widely used new steels. Because of their excellent deposition rates at high amperages, 


their ease of handling by skilled welders, and the assurance they provide of cleaner, 


Agee 


smoother deposits, they step up welding speeds and help hold down costs. 
Ask to have Murex CARBON-MOLY demonstrated on Carbon-Molybdenum steel, Man- 
Ten, or 70,000 Ib. steel; Murex NICKEL STEEL on 2% to 3% Nickel steel; Murex CHROME- 
COPPER on Cor-Ten, Man-Ten or Mayari; Murex CROMANSIL on Cromansil steel or SAE b 
| 3120 or 3140. A note to the nearest M & T office will bring a representative promptly. 


METAL & THERMIT CORPORATION, 120 BROADWAY, NEW YORK, N. Y. 


Albany * Chicago « Cincinnati * Detroit * Minneapolis + Pittsburgh * So. San Francisco * Toronto 
"Murex Electrodes—Thermit Welding—Thermit Metols & Alloys."’ 


COATED 


‘A COMPLETE LINE FOR EVERY WELDING APPLICATION 
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: since 1902 for heavy repair 


